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POTENTIAL HAZARDOUS WASTE SITE PRELIMINARY ASSESSMENT
PART I: SITE INFORMATION

1. Site Name/Alias Laga Building /Virgin Isiands Department of Education

Street _Route 38, Tutu District

City _Tutu District State U.S.V.L Zip_00802

2. County NA County Code_NA Cong. Dist. NA

3 EPA ID No._ New Site

4, Latitude__18°20° 37" N. Longitude __ 64°53' 10" W.

USGS Quad.  Eastern St. Thomas, U.S. Virgin Islands

5. Owner__Virgin Islands Dept. of Education Tel. No. 809-774-2183

Street_Route 38, Tutu District

City St. Thomas State U.S. Virginislands Zip_ 00802
6. Operator__ Same as above Tel. No.

Street

City State Zip

7. Type of Ownership

(] Private (] Federal [ state
[J County O Municipal JuUnknown [X] Other U.5.V.I. Dept of
Education
8. Owner/Operator Notification on File
[J RCRA 3001 Date O CERCLA 103¢ Date
X] None {J Unknown
9. Permit Information
Permit Permit No. Date Issued Expiration Date Comments
None

10. Site Status
[x] Active Onactive O Unknown

11.  Years of Operation Unknown to Present

U
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Identify the types of waste units (e.g., landfill, surface impoundment, piles, stained soil,
above- or below-ground tanks or containers, land treatment, etc.) on site. Initiate as many
waste unit numbers as needed to identify all waste sources on site.

(a) Waste Management Areas

Waste Unit No. Waste Unit Type Facility Name for Unit
1 Drums Drums behind Laga Building

{b) Other Areas of Concern

Identify any miscellaneous spiils, dumping, etc. on site; describe the materials and identify
their locations on site.

No other spills, incidents of dumping, etc. were observed on the site during the NUS Corp.

Region 2 FIT on-site reconnaissance on 2/15/89.

Information available from
Contact__Amy Brochy Agency__U.S. EPA Tel. No._(201) 906-6802
Preparer_Joseph Mayo Agency _NUS Corp. Region 2 FIT Date_3/31/89
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PART II: WASTE SOURCE INFORMATION
For each of the waste units identified in Part |, complete the following six items.

Waste Unit 1 - Drums , Drums behind Laga Building

1. Identify the RCRA status and permit history, if applicable, and the age of the waste unit.

There are no known current or previous RCRA permits for the Laga Building site. The age of
the waste unit is unknown.

2. Describe the location of the waste unit and identify clearly on the site map.
The drums are located less than 100 feet northwest of the northwest corner of the Laga
Building.

3. {dentify the size or quantity of the waste unit (e.g., area or volume of a landfill or surface

impoundment, number and capacity of drums or tanks). Specify the quantity of hazardous
substances in the waste unit.

Twenty-two drums were visible in the brush behind the Laga Building. The area where the
drums are located is overgrown with thick brush. The drums were deposited in an
uncontrolled manner; some were on their sides, and some were corroded and empty. At least
one was full. Twenty-one of the drums were steel and one was plastic. All of the drums in the
disposal area had capacities of 55 gallons each.

4, Identify the physical state(s) of the waste type(s) as disposed of in the waste unit. The
physical state(s) should be categorized as follows: solid, powder or fines, sludge, slurry,
liquid, or gas.

At least one of the drums in the waste unit contained liquid. The physical state of the waste in
the remaining drums is unknown.

5. Identify specific hazardous substance(s) known or suspected to be present in the waste unit.

No specific hazardous substances are known to be present in the waste unit. The Virgin Islands
Department of Planning and Natural Resources (DPNR) indicated that prior to ownership by
the Department of Education, the Laga Building was a textile facility which used solvents in
textile processing.

6. Describe the containment of the waste unit as it relates to contaminant migration via
groundwater, surface water, and air.

There is essentially no containment of the waste unit. Drums are deposited in a haphazard
manner; some are on their sides and some are badly corroded. There are no containment
structures associated with the drums; therefore, the potential exists for waste in the
unmaintained and corroding drums to be released to the environment and transported to
groundwater and surface water.

Ref Nos. 1,20
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PART lil: HAZARD ASSESSMENT

GROUNDWATER ROUTE

Describe the likelihood of a release of contaminant(s) to the groundwater as follows:
observed, alleged, potential, or none. ldentify the contaminant(s) detected or suspected, and
provide a rationale for attributing the contaminant(s) to the facility.

The potential exists for contaminants to be released to groundwater. The drums are
deposited in a haphazard manner, and some are corroded through. There are no
containment structures surrounding the drums to prevent a release of the contents to the
environment. The drums have not been sampled and there is no historical information that
indicates what their contents were. The DPNR indicated that the Laga Building was a former
textile processing facility that used solvents in its processes.

Ref. No. 1

Describe the aquifer of concern; include information such as depth, thickness, geologic
composition, permeability, overlying strata, confining layers, interconnections,
discontinuities, depth to water table, groundwater flow direction.

The rock units of St. Thomas and St. John are divided into three major groups: the Water
island Formation, the Virgin Island Group, and an unnamed group of dioritic plutons. The
Water Island Formation, which is late lower Cretaceous in age, consists of keratophyre and
spillates. The Virgin Island Group, which is probably early Cretaceous or Albian in age, consists
of andesitic-pyroclastic rocks and sedimentary formations. The Virgin Island Group is divided
into four formations: the Louisenhoj Formation, which consists of augite-andesite breccia,
tuff, and conglomerate; the Quter Brass Limestone, which consists of partially silicified-
tuffaceous-radiolarian-limestone; the Tutu Formation, which consists of tuffaceous wacke,
including megabreccia near the base and limestone near the top; the Hans Lollik Formation,
which may be Eocene in age and consists of augite-andesite breccia and tuff. The final group
is made up of one or more dioritic plutons. These unamed dikes and ptugs of quartz-andesine
hornblende porphory are Upper Cretaceous and Lower Tertiary in age. Alluvian deposits are
quarternary in age.

The Water Island Formation, which consists of 95 percent volcanic flow breccias, was probably
extruded on a relatively level ocean floor. The absence of terrigenous sediments from this
formation indicates that there were no emergent islands present in the area at the time of
extrusion. Emergent islands would have served as a source of weather sediments or detritus,
which are not present in this formation. There is evidence that sea floor subsidence occurred
during the greater part of the accumulation of this formation. However, the subsidence was
not rapid enough to maintain a constant water level, thereby causing explosive eruptions near
the top of the formation. Regional uplift occurred near the end of the Water island.

The Louisenhoj Formation of the Virgin Isiand Group unconformably overlies the Water Island
Formation and crops out on about half of the land area on St. Thomas. Pillsbury Sound
between St. Thomas and St. John was the origin of this formation. Evidence of this center is
based upon the coarseness of volcanic ejecta in the formation in nearby eastern St. Thomas
and western St. John. Materiai is less coarse and tuffs are more predominant as one moves
further east and west away from the center or origin. This augite-andesite formation ranges
in thickness from 4,000 to 13,000 feet. In certain areas of St. Thomas and St. Jjohn
conglomerates are interbedded with andesitic rocks at the base of this formation. The
depositional environment of this conglomerate varies from location to location throughout
this formation.

The Quter Brass Formation of the Virgin Island Group is mostly siliceous limestone which
overlies the Louisenhoj Formation. This limestone formation is an offshore deposit formed by
radiolarian and foraminiferal remains including a minor amount of tuff. Thicknesses are
known to be at least 600 feet
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Overlying the Outer Brass Formation is the Tutu Formation. The Tutu Formation is fine- to
coarse-grained volcanic wackes, which are termed flysch. This formation is derived from
eroding sediments from the Louisenhoj andesites. Exposed thicknesses are known to be as
much as 6000 feet. Within this formation is a megabreccia lithofacies with an average
thickness of 30 feet, and a limestone member with thickness up to 300 feet.

The Hans Lollik Formation, which consists of at least 10,000 feet of augite-andesite pyroclastic
rocks, crops out on Little Hans Lollik Island. Dioritic plutons are located in Pillsbury Sound
between St. Thomas and St. John; in the narrows, between St. John and the British Virgin
Islands; and south of St. Thomas. The exact delineation of these plutons is uncertain.
Throughout the islands isolated dikes of quartz-andesine porphyries, andesine-hornblende
porphyries, lamprophyres, breccias, and pegmatites appear.

Folding occurred after the deposition of the Virgin Island Group. Rocks were tilted to form a
northward-dipping homocline, which is cut by sets of fauits trending N 45°W, N 55°, and
north. Well-defined joint sets parallel each of the major fault trends. Dips range from 15° to
90° with the average being 40°. Strike-slip faults have horizontal offsets of less than 1 mile.
Two major strike-slip graben structures or fault systems exist. The first passes through
Redhook, St. Thomas, and the eastern tip of Lovango Cay. The second crosses St. John, from
Contact Point on the southwest to Brown’s Bay on the northeast.

Most recent Pleistocene to Holocene alluvial deposits occurred primarily in coastal
embayments. However, a narrow bank of alluvium extends up to Turpentine Run on the east
end of the island. Most of these deposits are composed of silt, clay, and thin, discontinuous
beds of sand and gravel. Maximum thickness of these is 50 feet.

Groundwater movement is limited to openings and joints along fauit zones. Regional
geologic information is insufficient to determine whether these fractures and fault zones are
present in all of the above-described formations; however, for this report it is assumed that
the fractures and fault zones are present in all of these formations. The valleys on the island
are the result of weak zones caused by faulting and jointing and are primary recharge areas
for groundwater. Alluvial deposits have a high porosity but low permeability, making this
aquifer unfavorable for groundwater production. In coastal embankments throughout the
island, saltwater intrusion is widespread in alluvial deposits. In most areas, alluvial deposits
are interconnected with bedrock and act to recharge precipitation to the underlying bedrock.

The direction of groundwater flow in the Turpentine Run Basin Aquifer is south-southeast
which is generally along the direction of flow of Turpentine Run. Depth to groundwater in
the aquifer ranges from 5 to 60 feet, and the aititude of the water levels ranges from 1 to 209
feet above mean sealevel.

Ref. Nos. 11, 16
Is a designated sole source aquifer within 3 miles of the site?

There are no sole source aquifers, as designated in the Federal Register, within 3 miles of the
site.

Ref. No. 8

What is the depth from the lowest point of waste disposal/storage to the highest seasonal
level of the saturated zone of the aquifer of concern?

Drums in the waste unit were deposited on the ground surface. Depth to groundwater in
Virgin Island Housing Authority (VIHA) Well Nos. 1 and 2 was reported to be 56 and 60 feet,
respectively. VIHA well Nos. 1 and 2 are located approximately 175 feet west of the Laga
Building.

Ref. Nos. 1,9
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What is the permeability value of the least permeable continuous intervening stratum
between the ground surface and the aquifer of concern?

There are no continuous intervening strata between the ground surface and the bedrock
aquifer. Soils are generally thin in the area around the site. The water-bearing formations in
the Turpentine Run Basin are composed primarily of fractured and jointed volcanic rocks. The
range of hydraulic conductivities associated with these formations is 107 to 10° cm/sec.

Ref. Nos. 10, 11,16
What is the net precipitation for the area?

Net precipitation is usually calculated by subtracting mean annual lake evaporation (a
surrogate measure for evapotranspiration) from normal annual total precipitation. Mean
annual lake evaporation was not available for $t. Thomas; however, evapotranspiration data
were available. These data indicate that 95.8 percent of the incident precipitation on St.
Thomas is lost through evapotranspiration. The normal annual total precipitation for St.
Thomas is 43.74 inches, but because of orographic effects on the Island, normal annual total
precipitation can range from 35 inches to 50 inches over short distances. In the Turpentine
Run Basin, normal annual precipitation is 40 inches. Calculations for net precipitation are
provided below:

40 inches precipitation x 95.8 percent lost to evapotranspiration = 38.32 inches lost to
evapotranspiration

40 inches precipitation - 38.32 inches lost to evapotranspiration = 1.68 inches net
precipitation.

Ref. Nos. 3,5,12,13

Identify uses of groundwater within 3 miles of the site (i.e., private drinking source,
municipal source, commercial, industrial, irrigation, unusable).

Groundwater within 3 miles of the site is used as a source of private and municipal drinking
water, and for commercial purposes. There are at least 41 wells within 2 miles of the site.
Thirty-five of these wells are within 1 mile of the site.

Ref. Nos. 6,9

What is the distance to and depth of the nearest well that is currently used for drinking or
irrigation purposes?
Distance 175 feet Depth 150 feet

The nearest well is the VIHA well No. 2, which is located approximately 175 feet west of the
Laga building. This well is believed to be used for drinking. A nearby well, VIHA No. 1, was
ordered closed because of contamination with volatile organic compounds. VIHA well No. 2 is
not listed as being closed due to contamination, and its designated use is for domestic
purposes.

Ref. Nos. 6,9
Identify the population served by the aquifer of concern within a 3-mile radius of the site.

Itis difficult to estimate the population served by groundwater on St. Thomas as there are few
records available on groundwater withdrawal, sale, and transport. The locations of some
wells in St. Thomas are unknown, and there are reports of illegal drilling on the island. It is
estimated that there are 500 to 600 private wells on St. Thomas. Most of these are used for
nondrinking domestic uses such as washing and flushing, although some may be used for
drinking. There are a number of wells that are used for commercial purposes. Water from
these wells is trucked to private houses and pumped into cisterns to augment the rainwater
collected from roofs. Groundwater is also bottled and sold in supermarkets
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There are at least 41 wells in the Turpentine Run Basin. Recently, 16 of these wells have been
ordered closed because they were found to be contaminated with volatile organic
compounds. One of these wells was a major supplier of water to the eastern end of the island.
Estimates of the population using groundwater as a source of drinking water range from none
to approximately 11,000--the population of the Turpentine Run Basin which is not served by
water from a desalinization plant. The actual population served by groundwater is probably
less than 11,000, as desalinated water and water from wells outside the 3-mile radius is
trucked into the area.

Ref. Nos. 9, 13, 15, 18, 19
SURFACE WATER ROUTE

Describe the likelihood of a release of contaminant(s) to surface water as follows: observed,
alleged, potential, or none. identify the contaminant(s) detected or suspected, and provide a
rationale for attributing the contaminants to the facility.

A potential exists for contaminants to be released to surface water. The location of the drums
is at the top of a steep hill, and at the base of the hiil is a tributary to Turpentine Run -- an
intermittent stream which drains the Tutu area and discharges to the Caribbean Sea. The
drums have not been sampled, and there is no historical information that indicates what their
contents are. The DPNR indicated that the Laga Building was a former textile processing
facility which used solvents in its processes.

Ref. Nos. 1,2

ldentify and locate the nearest downslope surface water. If passible, include a description of
possible surface drainage patterns from the site.

The nearest downsiope surface water is the Mangrove Lagoon which is hydraulically
connected to the Caribbean Sea. Turpentine Run is an .intermittent stream that drains the
Turpentine Run Basin. The distance from the site to the nearest surface water, along the
course of Turpentine Run, is 2.4 miles. It should be noted that because of the steeply sloping
nature of the topography on St. Thomas (35-percent slopes are not uncommon), there are no
natural perennial streams on the island. On St. Thomas orographic effects produce frequent,
brief rainstorms. Runoff from these rainstorms can be significant, and therefore, short-term
flow rates of the intermittent streams can be high.

Ref. Nos. 2,4,5

What is the facility slope in percent? (Facility slope is measured from the highest point of
deposited hazardous waste to the most downhill point of the waste area or to where
contamination is detected.)

The drum area is relatively flat with a slight slope toward the north and east. Near the margin
of the drum area there is a steep slope to the northeast. Facility slope is estimated to be
between 0 and 3 percent.

Ref. Nos. 1,2

What is the slope of the intervening terrain in percent? (Intervening terrain slope is
measured from the most downhill point of the waste area to the probable point of entry to
surface water.)

The slope of the intervening terrain is as follows:
L Elevation of waste area - 240 ft

] Elevation at point of entry - 0 ft

® Path fength - 12,700 ft
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240ft-0ft x 100 = 1.9% slope
12,700 ft

Ref. Nos. 1,2

What is the 1-year 24-hour rainfall?

One-year 24-hour rainfall data were not available for the U.S. Virgin Islands. However, it is
known that rains exceeding 1 inch in 24 hours occur six or seven times a year on St. Thomas.
Two-year 48-hour rainfalls range from 4 to 15 inches. It has also been reported that it is not
uncommon for 24-hour rainfalls to be 2 to 3 inches.

Ref. Nos. 4,6

What is the distance to the nearest downslope surface water? Measure the distance along a
course that runoff can be expected to follow.

The nearest downslope surface water is the Mangrove Lagoon, which is hydraulically
connected to the Caribbean Sea. The distance from the site to the above surface water is 2.4
miles.

Ref. No. 2

Identify uses of surface waters within 3 miles downstream of the site (i.e., drinking,
irrigation, recreation, commercial, industrial, not used).

Surface water within 3 miles downstream of the site is used for recreation including
swimming, fishing, and boating. The DPNR has designated the area of the Mangrove Lagoon
for preservation.

Ref. Nos. 2, 14

Describe any wetlands, greater than 5 acres in area, within 2 miles downstream of the site.
Include whether it is a freshwater or coastal wetland.

There are no wetlands greater than 5 acres within 2 miles downstream of the site. However,
there is a coastal mangrove wetland approximately 2.4 miles downstream. The Mangrove
Swamp is designated as a preservation area in the Coastal Zone Management Program of the
DPNR.

Ref. Nos. 2, 14

Describe any critical habitats of federally listed endangered species within 2 miles of the site
along the migration path.

There are no known critical habitats of federally endangered species within 2 miles of the site.
The Virgin Islands Tree Boa (epicrates monensis granti) is an endangered species in the U.S.
Virgin Islands; however, no critical habitat has been identified for this species.

Ref.No. 7

What is the distance to the nearest sensitive environment along or contiguous to the
migration path (if any exist within 2 miles)?

There are no sensitive environments within 2 miles of the site that lie along or contiguous to
the migration pathway.

Ref Nos. 2,7, 14




02-8902-44-PA

Rev. No.0

20. Identify the population served or acres of food crops irrigated by surface water intakes
within 3 miles downstream of the site and the distance to the intake(s).
There is no population served and there are no food crops irrigated by surface water intakes
within 3 miles downstream of the site. The nearest surface water is saline. There is a
desalinization plant which uses seawater to supply drinking water, but the intake is greater
than 3 miles from the site.
Ref. Nos. 2,13

21.  Whatis the state water quality classification of the water body of concern?
No water quality classification is known to exist for the Mangrove Lagoon or the Caribbean
Sea, although the mangrove swamp surrounding the lagoon is designated as a preservation
area by the DPNR.
Ref. Nos. 14

22.  Describe any apparent biota contamination that is attributable to the site.
No apparent biota contamiantion was observed during the on-site reconnaissance conducted
by NUS Corp. Region 2 FIT on February 15, 1989.
Ref. No. 1

AIR ROUTE

23. Describe the likelihood of a release of contaminant(s) to the air as follows: observed,
alleged, potential, none. Identify the contaminant(s) detected or suspected, and provide a
rationale for attributing the contaminant(s) to the facility.
A slight potential exists for release of contaminants to the air. If corroded and uncontained
drums rupture, the potential exists for a release to the atmosphere. The type of wastes in the
drums is unknown; however, prior to ownership by the Department of Education, the
building housed a textile processing facility that is reported to have used solvents.
No readings above background were detected on the OVA flame ionization detector or the
HNu photoionization detector during the on-site reconnaissance of the drum area conducted
by NUS Region 2 FIT on February 15, 1989.
Ref. No. 1

24. Whatis the population within a 4-mile radius of the site?

Based on the 1980 census, the population within 4 miles of the site is approximately 36,000.
Ref. No. 17

FIRE AND EXPLOSION

25.

26.

Describe the potential for a fire or explosion to occur with respect to the hazardous
substance(s) known or suspected to be present on site. Identify the hazardous substance(s)
and the method of storage or containment associated with each.

A small potential exists for fire or explosion to occur at the site. Solvents were reportedly used
in the textile processing that took place in the Laga Building. If these solvents are contained in
the drums, there is a potential for fire or explosion. Drums on the site were in poor condition,
and there were no containment structures around the drums.

Ref. No. 1

What is the population within a 2-mile radius of the hazardous substance(s) at the facility?
Based on 1980 census data, the population within 2 miles of the site is approximately 19,000.
Ref. No. 17
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DIRECT CONTACT/ON-SITE EXPOSURE

27.

28.

29,

Describe the potential for direct contact with hazardous substance(s) stored in any of the
waste units on site or deposited in on-site soils. Identify the hazardous substance(s) and the
accessibility of the waste unit.

The potential exists for direct contact with hazardous substances at the facility. The drums are
uncontained and were deposited in an uncontrolied manner. It is not known whether the
drums contain hazardous substances; however, solvents have been associated with this site in
the past. The waste is not surrounded by a fence, and children were observed near the drum
area. There are residences 230 feet east and downhill from the drum area.

Ref. Nos. 1,2

How many residents live on a property whose boundaries encompass any part of an area
contaminated by the site?

Itis not known whether any area has been contaminated by the site.

What is the population within a 1-mile radius of the site?
Based on 1980 census data, the population within 1 mile of the site is approximately 11,000.
Ref. No. 17
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PART IV: SITE SUMMARY AND RECOMMENDATIONS

The Laga Building Site is located in the Tutu area of St. Thomas, U.S. Virgin Islands. The Laga
Building was formerly the site of a textile manufacturing facility and is currently occupied by the
Virgin Islands Board of Education. The area within approximately 1 mile of the site is densely
populated, and includes some commercial properties. There are large housing developments north,
northwest, and southeast of the site. The nearest residence is 320 feet east of the site. Beyond 1
mile, there are scattered smaller villages and towns. The densely populated and highly commercial

town of Charlotte Amalie, which is the capital of St. Thomas, is located 2.5 miles west of the site.

On February 15, 1988, NUS Corp. Region 2 FIT conducted an on-site reconnaissance of the Laga
Building Site. Twenty-two 55-gallon drums were found behind the building. The drums were
deposited in an uncontrolled manner, and most of them were in poor condition. Some of the drums
were rusted, some were perforated, some were deposited on their sides, some were empty, and at
least one was full. Vegetation has grown around most of the drums, and a few were nearly
completely overgrown. There were no discernible labels on the drums. No stains were noted near
the drums, and no readings above background were detected on the OVA flame ionization detector
or the HNu photoionization detector. There are no containment structures surrounding the drums,
and the DPNR indicated that solvents were used by the textile processing facility that previously
occupied the building.

The above conditions indicate that there is a potential for contaminants to be released to the
environment from the drum area behind the Laga Building Site. A tributary of Turpentine Run is
located downhill and approximately 250 feet east of the drum area. Turpentine Run is an
intermittent stream that drains the Turpentine Run Basin and discharges to the Mangrove Lagoon,
which is hydraulically connected to the Caribbean Sea. |f hazardous substances are released from the
drums, the potential exists for them to be transported to the Mangrove Lagoon via Turpentine Run.

The DPNR has designated the mangrove wetlands for preservation.

There is also concern that hazardous substances that may be in the drums will be released to
groundwater. The site is atop the Turpentine Run Basin Aquifer, which is the most productive
aquifer on St. Thomas. There are numerous wells in the Turpentine Run Basin Aquifer, and
collectively they are permitted to draw up to 1 million gallons per day from the aquifer. Some of
these wells draw water for drinking purposes. Currently, the water main from a public water supply

desalinization plant does not extend to the Tutu area.

There is also a potential for fire and/or explosion, direct contact, and air contamination from the

drums. The drums may contain solvents that may be flammable or explosive. Direct contact is
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possible if hazardous substances are present in the drums. The nearest residence is 235 feet east of
the site, and children have been observed walking near the drums. The potential for air

contamination exists if volatile compounds are released from the drums.

The previous owners of the Laga Building have been identified as one of nine potentially responsible
parties in the contamination of groundwater in the Tutu area. In july and August of 1987, EPA
confirmed by sampling that volatile organic compounds were present in a number of wells in the
Tutu area. DPNR has issued orders to close 16 wells in the area. One of the wells was a major source
of commercially provided potable water for the eastern end of the island. Removal action activities
in the Tutu area included sampling of wells and cisterns, removal of contaminated water from

cisterns, cleaning of cisterns, and supplying clean water on a regular basis to affected residents.

The Laga Building Site is given a. MEDIUM PRIORITY for further action for the following reasons:

° Waste containment is poor as evidenced by perforated and corroding drums.

° Groundwater in the vicinity of the site is used for domestic purposes, and the water main from
the desalinization plant does not currently extend to the Tutu area.

® The potential exists for runoff from the site to reach the Mangrove Lagoon via Turpentine
Run.

® The waste area is accessible, and there are homes 230 feet east and downhill of the drum area.

Further efforts should focus on determining whether there are hazardous substances in the drums.
Efforts should also be directed toward determining whether any hazardous substances have been
released to the environment. Drum sampling and soil sampling in the vicinity of the drums and soil
sampling in the drainage pathway to Turpentine Run are recommended. Sampling of wells in the
vicinity of the site is also recommended. It should be noted that a number of the wells are
contaminated with volatile organic compounds; therefore, judgement should be used to select

appropriate wells for sampling.
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LAGA BUILDING
ST. THOMAS, U.S. VIRGIN ISLANDS

CONTENTS
Figure 1: Site Location Map

Figure2: Site Map
Exhibit A: Photograph Log
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U20 SUMMARY APPRAISALS OF THE NATION'S GROUND-WATER RESOURCES
TABLE 4. - Water budget, in cubic hectometers per year (hmd/yr) and percent. for Puerto Rico (by

Puerto Rico
North Coast Province South Province
West coast to Rio Grande de Riv de La Patillas Tallaboa
Rio Grande Arecibo to Rio Plata to Rio to to é‘:“: wp':fn‘:“
je Arecibo de La Plata Espintu Santo Punce Guanica Y
hm¥yr  Percent hm¥yr  Percent hmiyr Percent hmYyr Percent hmiyr Percent hmiyr Percent hmi/yr  Percent
Input
Precipitaven __________________ 1,580 730 1230 55.4 B0 a2 Y .6 50 5.5 100 L8 60 80
Streamtluw K20 270 1.030 H.b H90 6.3 320 39.5 175 4.5 4.4 42 330 K]
Diverswns B el el . el . 20 9y e e ¥, 240 ——— ——
Output
Evaputraspiration 1,414 61.3 B4 348 300 AN 10 53.1 60 25.5 120 ¥7.3 270 fl.!
Stream outflow _ 365 37.6 1.360 8.9 920 730 130 23.5 100 @6 1 K0 920 4.2
Gruund-water loss
wellands or wa __________ - 15 T u6 3.7 0 1.6 20 25 15 6.4 6.3 18 10 3.2
Ground-water
withdrawats*:
Towl _____ . 0] L] 20 17 60 255 1 t w 3
Industry _ 9 26 5 19 21 —_—— - 0 -
[rrgauen _ S 8 I 143 n —— — ———
Public supply ________________ 1 % 15 ] 2 P e ——- ——
tAll ground water withdrawn was assumed W be for consumption since 1t 1s not avaliable fur other uses.
t000 — . T T T T T
Public Supply
{Puerto Rico Aqueduct and Sewer Authority)
800}
<
< s00| 23 T T T T T T T
- 20} _---3
¥ 400 TOTAL WITHDRAWAL < s} LIGHT INDUSTRY __ - 2
") w -
= > 0
'.‘_‘ ol DOMESTIC AND |
¥ 200 . wogl COMMERCIAL 4
o
[ b 1 L 1 1 L —l —1
[ € 0
™ w
x 1 l =
2 g
a . T o % T T T T T T T
3 5
el .
= E
“ N 9 40 >
3 s
2 o 3%
H3 . z 30k TOTAL WITHORAWALS
x o
: -
» « 2%
i1 =
= 20
400 T T Y N — L T [~
Industriel Seif Sepplied s
TOTAL WiT =
ob—_Tow v, | R
GROUND WATER~_ 7’ s
OW//'////' . N 0 T =2 = Z
1960 1963 1970 973 1980 1983 1990 1995 2000 1960 1965 1970 1973 (900 1985 1990 1998 2000
YEARS YEARS
A 8

Fioi k 17. - Water-use estimates. A, For Puerto Rico: public-supply data provided by the Puerto Rico Aqueduct and Sewer Authority
(moditied from Morris, 1976). B, For the U.S. Virgin Islands.




CARIBBEAN REGION U21
province) and its offshore islands (Vieques, Culebra, and Mona Islands) and for the US. Virgin Islands, 1975
Fuerw Rico - Continuexd U.S. Viran islands
Puerto Riew's offshore islands
East Coast intenor Puerte Ricr . . .
province privince Lstand total Vieques Cubebira Monu St Cron St Thomas ¢ St Jahn
hmi/ye  Percent  hméyr Percent  hmdar Percent  hm/sr  Percent  hmiivr Percent  hmiar Percent hmove Percent  hmayvr Percent hméne Percemt
Input—Continued
aw 434 10870 e 1D.820 [{+ 1] 120 100 25 w 45 o 220 100 94 100 a0 HLY
510 56.7 I . I N - _— - ) ™
Output—Continued /-\/
278 3l 6512 599 .56 4.2 110 91.7 240 45 % 395 LYl 3 200 Y4.2 t d:; : , N 2
580 644 4342 399 508 30y P 50 7 2 v o x Bz ™
Rl 3.3 ——— . 260 1.6 3.3 27 3 1.2 5.5 1e.2 5.5 2.5 2 13 b 1
12 1.3 16 2 358 2.3 7 L V4 K4 i o L 7 < 2 1
Y — 1 — 101 [ —— —-- [ - - - - -- - _ -
- - - - 188 U . R - . - - -
Z J— 12 ——— ™ —— — -—-- .- -—- - - -

PROBLEMS AFFECTING USE OF WATER

RESOURCES

MANAGEMENT—PUERTO RICO

By adoption of Law No. 23 of January 1973, the Puer-
to Rico Department of Natural Resources (DNR) was
charged with the responsibility for implementation of
the operational phase of the public environmental policy
of Puerto Rico. Law No. 23 also provides for centraliza-
tion of operational functions and implementation of
regulations that had previously been dispersed
throughout many governmental agencies. In addition,
the new Water Law, No. 136 of June 3, 1976, assigned
to the Secretary of DNR the responsibility to plan and
regulate the use of and to improve, conserve, and
develop the waters of Puerto Rico. In acknowledgment
of the need for a centralized information center, the new
water law also stipulates that the Secretary be assisted
by a staff that has representatives from the Planning
Board, the Puerto Rico Industrial Development Com-
pany (PRIDCO), the Environmental Quality Board
(EQB), the Puerto Rico Aqueduct and Sewer Authority
(PRASA), the Puerto Rico Water Resources Authority
(PRWRA), the Department of Agriculture (DOA), the
Department of Health (DOH), the Department of Trans-
portation and Public Works, and the University of Puer-
to Rico.

Although numerous government agencies (State and
Federal) and institutions are involved in the use, plan-
ning, management, and investigation of the water
resources, the DNR, EQB, U.S. Environmental Protec-:
tion Agency (EPA), PRWRA, PRASA, Puerto Rico i
Sugar Corporation, and heavy water-use industries i

established by PRIDCO exert the greatest influence
over the future of this resource. The responsibilities
these agencies and public corporations have with
respect to water resources are listed as follows:

DNR. The functions of this Puerto Rican agency were
established by Laws No. 23 and No. 136, previously
stated.

EQB. This is the Puerto Rico policy-making and
regulatory agency responsible for the enhancement
and protection of water quality; it is invested with
quasijudicial powers to enforce its regulations. For
purposes of the Federal Water Pollution Control
program (Public Law 92-500) the Board is
designated the State water-pollution control agen-

cy.

EPA. This is the Federal agency charged with ad-
ministration of Public Law 92-500 aimed at restor-
ing and maintaining the chemical, physical, and
biological integrity of the Nation's waters. Among
the programs the agency administers are establish-
ment of effluent limitations, administration of the
National Pollutant Discharge Elimination System,
and management and planning for public water-
supply treatment-works construction.

PRWRA. The authority produces and distributes elec-
trical energy and administers and operates the irri-
gation systems supported by releases from reser-
voirs and the hydroelectric power-generation net-
work on the south coast and in northwestern Puerto
Rico.

PRASA. The authority is charged with development,
construction, operation, and maintenance of water
and sewer systems and providing adequate water

TUT



U22 SUMMARY APPRAISALS OF THE NATION'S GROUND-WATER RESOURCES

and sewer services and any other related services
and facilities.

Puerto Rico Sugar Corporation. A public corporation
created by legislative action in 1973 to consolidate
the operations of the sugar industry (cultivation and
refining). The corporation manages all the 11 mills
on the island, 7 of which are government owned.
The corporation also manages cane cultivation on
29,600 ha of both government-owned and leased
land.

PRIDCO. This is the principal Puerto Rico governmen-
tal agency charged with the responsibility for the
economic development of Puerto Rico. With its
associated public corporation, the Government
Development Bank, it devises methods to accelerate
economic development, especially through industrial
promotion and tourism. This agency must submit to
DNR and EQB an environmental-impact statement
for each industrial project it proposes to develop.
The agency also cooperates closely with the Plan-
ning Board in preparing its plans and programs.

The new centralized form of management stipulated in

Law No. 136 of June 3, 1976, is intended to improve in-

stitutional structures to aid optimum water-resources

development.

MANAGEMENT-—U.S. VIRGIN ISLANDS

In the U.S. Virgin Islands, the Department of Conser-
vation and Cultural Affairs is charged with the ad-
ministration and enforcement of all laws relating to
water resources and water pollution, under Title 3,
Chapter 22, of the Virgin Islands Code as of June 4,
1968. Other agencies invoived with the management of
the water resources are the Public Works Department,
the Water and Power Authority, and the Virgin Islands
Planning Office. The functions of each of these are
outlined as follows:

Public Works Department. Under Title 30, Section 51,
of the Virgin Islands Code, the Commissioner of
Public Works is designated to supervise and control
the construction, repair, maintenance, operation,
and administration of the potable-water systems.
The potable-water system was defined as “all fresh
water stored or collected by the government,
whether in catchments, dams, wells, or reservoirs,
for public distribution.”

Yirgin Islands Water and Power Authority (WAPA).
This authority was established in 1964 under Virgin
Islands Code, Section 103, Title 30, for production
and distribution of electrical energy and provision of
potable water from its water-distillation systems. In
the enabling legislation is a provision, 104e, for the
transfer of the water-supply functions of the Public

Works Department to WAPA at a date to be deter-
mined by law. The transfer of functions has not been
acted upon by the legislature, and WAPA sells the
distilled water to the Public Works Department.
U.S. Virgin Islands Planning Office. This office is
designated as the government agency in charge of
water-management planning; the agency is also en-
titled to appropriate funds received under the title 3
program.
The Public Works Department is by far the major
ground-water user. Agriculture is almost nonexistent in
the islands, and industries that depend heavily on water
obtain their water from self-owned desalination plants.
For these reasons, a lack of coordination among water
users is not a major problem affecting ground-water
resources in the Virgin Islands.

WATER RIGHTS

Water rights and laws regulating water use have been
established by society to assure the minimum re-
quirements of individuals and communities, to promote
the beneficial development of water resources, and to
respect legal access to water sources. These laws, which
have been implemented to reduce friction between
users, ironically become constraints if they are not
adapted to the needs of a modern technological society.

On June 3, 1976, the Commonwealth Legislature
approved the Law of Waters (Law No. 136) for Puerto
Rico, which declared all waters within Puerto Rico the
patrimony and wealth of the People of Puerto Rico; en-
dowed the Secretary of Natural Resources with the
power to plan and regulate the use, conservation, and
development of the water resources and to implement
the public policy and regulations related to the waters of
Puerto Rico; and annulled two provisions of the Civil
Code and the Law of Waters of March 12, 1903.

The 1903 water law was essentially that which had
been in effect in Spain since 1879 and had been extended
over Puerto Rico by order of the King in 1886. Article 16
of Law No. 136 recognized acquired rights that make
beneficial and reasonable use of water and were in ex-
istence prior to June 3, 1976, including those conces-
sions from the Spanish Crown.

Acquired rights under the old Spanish law were ob-
tained according to the prior-appropriation doctrine.
For example, “any landowner may utilize the pluvial and
other waters flowing intermittently in public channels
or along roads” (Art. 6, 176, 177); “after use for one year
and a day, he establishes a temporary right that is
superior to that of any subsequent user,” on the principle
that first in time is first in right (Art. 7); “after water has
been used without interruption for 20 years, the appro-
priator acquires the right to continue the use indefinite-




CARIBBEAN REGION

ly” (Art. 8). Similarly, as to “artesian wells, tunnels, or
galleries,” (major ground-water developments as oppos-
ed to “ordinary wells,” which are defined (Art. 20) as
those for which no other motive power than man is
employed for raising the waters), the right of the person
discovering and bringing the water to the surface is
recognized “in perpetuity,” as long as such development
does not interfere with preexisting rights to public or
private waters (Art. 23). These rights (surface- or
ground-water appropriation) were also recognized for
all individuals who had enjoyed the use of public waters
for a period of 20 years (prior to 1886) even though no
proper authorization had been obtained.

The order of preference in utilization stipulated by the
previous law (Art. 160 of the Spanish Water Law) ex-
pressed the needs of the past century. First priority was
given to water supply of towns, followed by water sup-
ply of railroads, irrigation, navigational canals, mills and
other factories, ferry boats and floating bridges, and
fishponds. The economic importance of water-using in-
dustries was not foreseen, and a low preference as to
water concessions was stipulated. Duration of the con-
cessions was limited to 99 years of town supplies (Art.
170) and all other uses but was “in perpetuity” for irriga-
tion (Art. 188) and fishponds and also for industry, as
long as effluents were not harmful to health or vegeta-
tion (Art. 220).

As of 1909 there were approximately 250 concessions
in Puerto Rico that were originally granted by the
Spanish Crown (Report of the Governor of Puerto Rico,
1909). The majority of these grants were given to lan-
downers in the South Coast province for the irrigation
of approximately 21,000 ha. The surface-water conces-

sions included rights to flood-waters, spring and winter

waters, or a definite daily flow.

An updated inventory of vested owners, diversion
amounts, and land under irrigation is necessary to
determine the degree to which these rights could affect
a water-use and distribution plan.

In the Virgin Islands, all waters are in public owner-
ship and are subject to appropriation for beneficial use
as stipulated in Chapter 5, Title 12, of the Virgin Islands
Code. Under this policy, vested rights are recognized
prior to other appropriation. Vested rights may be
nullified by the government of the Virgin Islands (Com-
missioner of Conservation and Cuitural Affairs) when it
is determined that the exercise of such rights would im-
peril health or welfare by endangering, impairing, or
destroying available sources of water. Nevertheless, the
occurrence of such circumstances is very remote, as
most private installations are for domestic use and
withdraw less than 2 m3/d. An exception could be those
individuals and companies that sell water obtained from
wells. Under Section 153 of Title 12, appropriation per-
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mits are not required if pumpage is less than 2 m¥d for
beneficial use.

Under Chapter 3, Title 12, of the Virgin Islands Code,
trees and other vegetation adjacent to watercourses are
protected by law. This regulation protects the esthetic
values ot stream channels but results in a significant loss
of ground water to evapotranspiration by the deep-
rooted vegetation. A modification of this law would be
necessary in order to exciude from such provision those
watercourses that are used for public supplies or are in
hydraulic connection with aquifers tapped for supply.

PRACTICES DETRIMENTAL TO GROUND-WATER QUALITY
LAND USE

Land use may affect recharge to an aquifer and the
quality of its water. Although there has been no exten-
sive evaluation of the effects of various land uses on
aquifers in the Caribbean Region, data from scattered
sources indicate that this could be a major problem in
the near future.

Urbanization has taken over large portions of the
recharge areas of aquifers in metropolitan San Juan,
Ponce, and Mayagiiez in Puerto Rico and throughout the
Virgin Islands of St. Croix and St. Thomas. Unless ar-
tificial recharge is provided or withdrawals are reduced
to compensate for the loss of recharge, the seawater-
freshwater interface will move inland in most of these
areas.

Aquifers in the Caribbean Region are threatened by
pollution from domestic, municipal, and industrial
sources. The most widespread source of pollution is pro-
bably sewage from cesspools, leaking sewage lines, and
overloaded or improperly operating sewage plants. In
Puerto Rico about 37 percent of the population is served
by sewers, and in the U.S. Virgin Islands approximately

77 percent is served. In general, the only areas served
bﬁﬁyglmm
B 74T wastes have been discharged to aquifers

through sinkholes and disposal wells or have entered
aquifers from accidental spillage (D.G. Jordan, written
commun., 1969; R.C. Vorhis, written commun., 1972).
Of the 15 disposal wells known to exist in 1972, only 2
could be designated as deep injection wells, and the
others could better be designated waste-disposal holes.
All the known disposal holes were between 24 and 213 m
deep. Wastes disposed in sinkholes and disposal holes in-
clude sewage, oil, neutralized acid, organic compounds,
dyes, pickling liquors, pineapple-cannery wastes, and
brewery wastes. Jordan (written commun., 1969)
estimated there were at least 40 such disposal holes in
Puerto Rico in 1969.

It has also been observed that unproductive wells are
either abandoned without plugging or are not thor-
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oughly sealed. As a result many are used as receptacles
for wastes. The effects on water quality and the extent
of damage this has caused in the Caribbean Region have
not been assessed. In the Lajas Valley, Vazquez and
Ortiz-Velez (1967) obeerved that a downward hydraulic
gradient existed at various abandoned irrigation wells.
These wells probably are serving as hydraulic connec-
tors between perched water tables and the underlying
regional water table. The effect of these “hydraulic con-
nectors” on water quality is unknown.

Disposal of refuse in landfills poses another threat to
aquifers in Puerto Rico. Most landfills were estalished
after 1972 (fig. 18), and although migration of leachates
may be slow at some sites, with time these will inevi-
tably affect to some degree the local ground-water
sources. In the U.S. Virgin Islands, landfills have been
established near the coast on St. Croix and St. Thomas,
and contamination of freshwater sources is not a threat.
The landfill on St John, however, is located in the in-
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terior Guinea Gut Basin, where potential for ground-
water development exists.

IRRIGATION PRACTICES

Irrigation of crops occurs primarily in southern Puer-
to Rico. The basic means of distributing water within
cultivated lands is by furrows, although overhead
sprinklers are used at some farms in the early months of
sugarcane cultivation. Giusti (1971) estimated that ap-
proximately 30 percent of the applied water in the South
Coast province (Coamo area) was recharged to the
aquifer. Bennett (1976) indicated that the ground-water
reservoir in the South Coast province is “vertically
oriented,” in that local recharge and discharge tend to
be high in any given locality relative to lateral ground-
water flow. In areas where irrigation water is derived
from wells, recycling of the irrigation water will result
in an increase in the dissolved-solids concentration of

the ground water.
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During the mid-1960's, drought nearly eliminated
surface-water supplies that were used in the South
Coast province area for irrigation, and ground-water
production was increased to make up the deficit. By
1968, after 3 years of increased pumpage, the ground
water in storage was drastically depleted. An estimated
1,000 hm? of the 1,500 hm3 in available storage had been
withdrawn. The depletion in storage was accompanied
by a decline in ground-water levels to below sed level
over large areas (pl. 14). The chloride concentration in
the ground water increased slightly in the more severely
depleted areas, but major seawater intrusion did not
occur, apparently because of a slight ground-water
mound in the coastal areas and the lower hydraulic con-
ductivity of the coastal part of the aquifer. Heavy rains
later in 1968 recharged the aquifer, but it has never
recovered to early 1960 levels. A few areas where
ground-water levels were below sea level still persisted
in 1976 (pl. 1B), but there has been no significant in-
crease in chloride concentration indicative of seawater
intrusion.

OPTIMIZATION OF USE OF WATER RESOURCES

In general, until recent years the éffort devoted to
optimizing the use of water resources of the Caribbean
Region has been minimal. Within Puerto Rico this lack
of effort may have been due to the relative abundance of
freshwater in relation to demand in most areas. In the
U.S. Virgin Islands the poor quality of the ground water
and the knowledge that the limited freshwater resources
could not meet the demand led to reliance on seawater-
desalination piants.

Two major approaches are available for optimizing the
use of water resources. These are conjunctive use of
surface- and ground-water sources and water conserva-
tion. The potential for application of such measures in
the Caribbean Region is discussed separately.

CONJUNCTIVE USE OF SURFACE- AND GROUND-WATER
SOURCES

The greatest potential for conjunctive use of surface-
and ground-water semrces in the Caribbean Region may
be on the island of Pasrto Rico, where both sources are
relatively plentiful. This use may be achieved by res-
ervoir management, augmenting natural recharge,
ground-water salvage, ground-water mining, and use of
seawater.

RESERVOIR MANAGEMENT

Agriculture is the largest single water user in the
South Coast province. The estimated ground-water
withdrawal for irrigation (180 hm3/yr) constitutes
almost 80 percent of the total pumpage. Therefore, the
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most productive efforts to solve the “water shortage”
may involve an improvement of irrigation practices. To
some degree, the irrigation efficiency likely could be im-
proved by coordinating the activities of PRWRA with
those of the Puerto Rico Sugar Corporation and by
changing the priority of the functions of reservoirs serv-
ing the south coast.

Under present operating conditions, reservoirs are
maintained at the highest stage possible for hydroelec-
tric generation, thus reducing the runoff-capture poten-
tial. With the available reservoirs and the implementa-
tion of a more efficient water-management system,
more water could be made available for irrigation. The
hydroelectric-energy loss could possibly be compensated
for by thermoelectric generation through burning of
bagasse, the plant residue left after the juice has been
extracted from sugar cane. During the 1973 fiscal year,
PRWRA bought from the sugar mills (which operate
from about December to April) 826 million kilowatt-
hours of energy generated through burning of bagasse
(Puerto Rico Planning Board, 1976). Hydroelectric
generation was only about 97.5 million kilowatt-hours
during the 1973 fiscal year, partly by north-coast
hydroelectric plants. )

AUGMENTING NATURAL RECHARGE

Although aquifers receive recharge by natural means,
it may be practical in some areas to increase this amount
artificially. Within urbanized centers the loss of rainfall
infiltration capacity may be compensated for by con-
struction of infiltration ponds, which may also serve for
recreation. Flow into the ponds could be supplied from
urban runoff or by pumpage from nearby streams.
These infiltration ponds could be situated in the upland
coastal areas, where coarse sediments (sand and gravel)
predominate and thickness of unsaturated material and
therefore storage volume is greatest. Areas of Puerto
Rico that could benefit most from such modifications are
those zones where urban development has decreased the
infiltration capacity of aquifers (essentially the San Juan
metropolitan area and Ponce). In the San Juan
metropolitan area, possible sites would be the San
Sebastian outcrop and areas between the haystack hills
(mogotes). At Ponce the most favorable area may be
near the foothills, where depth to the water table is bet-
ween 15 and 20 m. Infiltration induced by this method
may make it feasible to establish and continuously
operate public-supply wells within city limits, thus
reducing dependence on interbasin water transfer.
These well fields would also be invaluable in the event of
hurricane damage to centralized water-purification and
distribution systems. If the recharged water is destined
for domestic use, measures would have to be taken to
avoid contamination with toxic substances, which may
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even though ground-water development may be minimal
in some areas. Within aquifers for which preliminary
areal models have been constructed, monitoring net-
works should be maintained to determine whether or
not conditions follow those predicted. If significant
deviation is detected, the cause can be evaluated and
remedial measures can be taken as appropriate.

Among the most important needs for improving the
knowledge about aquifers in the Caribbean Region are
listed as follows:

1. Better definition of conditions within the two major
aquifers: knowledge needed about the following:
a. Hydrologic relationship between bedrock and
alluvium in the South Coast province of
Puerto Rico and stream-aquifer interrela-
tionships

b. Extent of the artesian system in the North
Coast province of Puerto Rico

c. Ground-water flow within the North Coast
province west of Arecibo

2. Areal studies made concerning the following:

a. Ground-water flow system in Lajas Valley

b. Water-balance for unstudied aquifers in the
East Coast, West Coast, and Interior pro-
vinces

c. Water-table monitoring throughout Puerto
Rico, the offshore islands, and U.S Virgin
Islands

d. Qualitative and quantitive assessment of saline-
water reserves of St. Croix and in the coastal
aquifers of Puerto Rico

e. Chemical-quality data to assess the extent of
contamination and seawater intrusion

Besides these basic needs, research is also lacking on
evapotranspiration and its relationship to soils and
vegetation under the climatic conditions in the Carib-
bean Region. At present it is unknown if under long-
term conditions thick vegetation and plant debris aid
ground-water recharge by reducing runoff, enhancing
infiltration, and reducing direct evaporation of rainfall
or whether they use more water from the soil through
transpiration. Archavlogical sites, surface features,
and historical notes indieate that water was much more
plentiful at now parched areas in Puerto Rico’s offshore
islands and in the U.8. Virgin Islands.

SUMMARY

The Caribbean Region consists of the Commonwealth

of Puerto KRico (8,990 km?) and the U.S. Virgin Islands
(350.km3). It ensely populated areas

in the WoFld; witirarroveralT population of approximate-
ly 3,200,000 people. Within the past 25 years the islands
have undergone a rapid transformation from an
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agriculturally based economy to one dependent on in-
dustrial development, tourism, and related services.

Water is among the most abundant and valuable
natural resources in the Caribbean Region, but its
availability varies significantly in both space and time.
Rainfall contributes an annuai average of 1,800 mm in
Puerto Rico and 1,060 mm in the U.S. Virgin Islands. Of
this amount, 1,130 mm (or 64 percent) in Puerto Rico
and 990 mm (or 93 percent) in the U.S. Virgin Islands is
lost to evapotranspiration. The water available for use
in liquid form amounts to about 5,400 hm?¥yr in Puerto
Rico 3/yr in the U.S. Virgin These
amounts would theoretically satisfy the total water
needs of both areas, which are about 919 hm3/yr and 20
hm?3/yr, respectively (1975). In reality, most of this flow
is contributed by intensive rainstorms and is lost to the
ocean as runoff. Potential for retaining a large part of
this flow exists on the island of Puerto Rico, but present-
ly the total usable reservoir storage capacity is only
about 230 hm3. In the U.S. Virgin Islands, small dams
and ponds have a storage capacity of about 2 hm?.

Aquifers constitute a valuable water resource in the
Caribbean Region. In Puerto Rico, ground-water
withdrawals provide about 38 percent of the total water
requirements, whereas in the U.S. Virgin Islands, they
provide 10 percent. Excluding desalinated-water sup-

plies in the U.S. Virgin Islands, ground water provides
aboyt 72 percent of the freshwater used. Of the 350
hm3/yr ground-water withdrawal in Puerto Rico, irriga-

tion uses 53 percent; industry, 29 percent; and public
water supply, 18 percent. In the U.S. Virgin Islands,
ground water is withdrawn about equally from private
wells and public water-supply wells. Based on past
trends and future economic outlook in the region,

‘estimates are that by 1985 ground-water pumpage in

Puerto Rico will be about 426 hm3/yr and in the U.S.
Virgin Islands, about 4.5 hm3/yr. This withdrawal is the
estimated maximum sustained yield of all aquifers in the
U.S. Virgin Islands under natural-recharge conditions.

Most large-scale ground-water developments in Puer-
to Rico are in the North Coast and South Coast pro-
vinces. The North Coast province contains the island’s
most productive aquifer, which has been undergoing
rapid development for industrial water supply since
1968, when a major artesian system was tapped. The ex-
tent of this artesian system is unknown, but it has been
tapped within the lower part of the Cibao Formation
(Montebello Limestone Member) and in the upper part
of the Lares Limestone. The South Coast province
aquifer consists of deep alluvial deposits. It has been ex-
tensively developed for irrigation of sugarcane and for
industrial water supply. Unlike the north-coast aquifer
system, which has large untapped resources, this aquifer
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will support only minor future development if effective
management practices are not introduced.

In the U.S. Virgin Islands, the most extensive aquifer
is The Trarmental Tgnesm-rock. It contributes Title
water to wells, but weighed against the costs of
desalinated water, its exploitation is feasible for sup-
plementing domestic water needs. The most productive
aquifer consists of marl and alluvium deposits in central
St. Croix. Although this aquifer contributes less than 6.3
L/s to individual wells, it yields about 0.86 hm3/yr to
public water-supply wells and about 0.54 hmd/yr to
private wells. Future development of this aquifer could
probably produce an additional 1.0 hm3/yr.

Ground-water resources will continue to play an im-
portant role in the future development of both Puerto
Rico and the U.S. Virgin Islands. In order to meet
future needs, it is necessary that hydrologic principles
be effectively applied in managing the total water
resource.

Optimization of the water resources can be ac-
complished through conjunctive use of surface and
ground waters and through conservation practices. Op-
timal use may involve artificial recharge, ground-water
salvage, saline- or fresh-ground-water mining, use of
seawater, waste-water reuse, and use of underground
space for temporary storage of wastes, which could
otherwise contaminate valuable water supplies.

Efficient development of the water resources within a
basin also requires a thorough knowledge of the rela.
tionship that exists between surface and subsurface
water. Among the most urgent needs in the Caribbean
Region is a computerized data bank containing informa-
tion on ground-water withdrawal, consumptive use, sur-
face diversions, and such other flows necessary for
water-budget estimates. These data can be used with the
available knowledge of the aquifers to construct digital
or analog models. Such an approach would serve to
point out areas where new information is needed, aid in
assigning investigation priorities, and contribute to ef-
fective management of the total water resource.
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The nature ot the shorter-period pressure variations in relation to the
weather and the general circulation are discussed below under The Upper

Air and (General Circulation, etc.

PRECIPITATION

Rain 15 the ciimatic element of most practical concern in the islands be-
cause 1t 1s often msufficient to mature sUgar cane 1n one or two seasons: a
drought o1 six or nine consecutive months occurs every decade or so, caus-
ing much hardship to the townspeople and small native tarmers as well as
to sugar and cotton estates and cattle ranches.

Since early in the nineteenth century rainfall in the Virgin Islands has
been measured in a unique unit of depth, called the “line”. The reason for
the adoption of this measure is not known. It is an old English measure. in
which I inch = 8 lines (= 25.40 nullimeters). In Denmark they once used
the Paris measure of 12 Linien = 1 Tomme (Paris inch) = 27.07 milli-
meters = 1.0638 inches. 1 Paris line = 2.256 mm = .0888 inch = 1] 44
foot. whereas the Danish {7cst Indian (or English) line = 3.175 mm =
15 inch. It is conceivable that as many of the residents were British this
“line” was adopted locally from using English rain-measuring glasses or
sticks graduated in eighths of an inch. Since the American occupation

inches have been used.

Accuracy of the Measurements

The accuracy of rainfall measurements is a difficuit problem in gen-
eral. and is especially serious in tropical countries.* \We have already re-
ferred to the lack of standards in the instruments and observation pro-
cedures at \irgin Islands stations, and here we must add that where the
rainfalls are frequently light and the monthly and annual totals are small
the errors of measurement are greatest on a percentual basis. The commonn
practice of measuring the catch onlv once each 24 hours allows some water
to evaporate from the gage betore it is read, particularly in a warm windy
climate. The use of a funnel is common and tends to cut down the evapo-
ration. Where most of the rain falls at night. it is better to read the gage
i the morning. and where 1t talls more in the dav an evening observation
hour is preterable: two readings a dayv would be still better. and best ot all
the use of recording gages or thie habit of reading the gage after each
shower. It has been shown that a considerable difference in a given

* For a comprehensive discussion see Brooks. C. . Need for universal standards for measuring
nrecipitation. snowtall. and snowcover. Trans. Meet. Int. Comm. Snow and Glaciers, Int. Assoc.

Hydrol. Bull. 23: pp. 1-32. Riga. 1933,
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month'’s total may result at the same spot between a gage read each morn-
ing and a gage read each evening. But it is difficult to estimate the magni-
tude of this effect in the Virgin Islands €xcept to say that the results from
gages read only in the morning are probably somewhat lower than they
would be if read only in the evening. The hours of ohservation at the vari-
ous stations are not stated or known In many cases and at some stations
they were changed from time to time.

Rain gages of different diameter and different height of orifice above the
ground do not give comparable catches, but it is believed nearly all the
gages used in the Virgin Islands since 1870 have been of the standard
8-inch diameter with rim about 3 feet high (cf. appendix A). The wind
eddying around the gage may keep away some of the rain that should go
in the gage. In windy places the catch may average 20 per cent too low
from this cause, but we judge from tests made elsewhere with shielded
gages that this error in the Virgin Islands probably does not average over
10 per cent (i.e., readings are 10 per cent too low on average from the wind
effect alone). If we may assume that this error applies roughly equally to
all the gages in the Caribbean region, it may be overlooked in practical
comparisons. However, the error due to wind effect increases as the wind
velocity increases and therefore the catch during severe storms, hurri-
canes, is apt to be more than 10 per cent too low. High wind sometimes
blows the gage over resulting in loss of a large catch of rain. Occasionally
during heavy rains the gage may overflow before it is read. Considering all
these sources of error, it is evident that on the average the recorded rain-
falls are systematically lower than the true rainfalls,

In addition there may be mistakes and falsifications on the part of ob-
servers, which are unsystematic in their effect on the results and largely
hidden in the averages. An inspection of the daily entries and the reputa-
tion of the observer are the only bases for accepting observations as genu-
ine, where the stations are not under regular inspection of an efficient na-
tional weather service. We have not found any record of inspections by
the Danish government, and the U. S. Weather Bureau inspections have
been too infrequent to be effective.

General Distribution

From APPENDIX TABLES 2 and 3 we note that the mean annual rainfall
differs considerably at the various stations, ranging between about 33 and

stations is not much larger, however, the extreme annual totals ranging

from about 25 inches to nearly 95 inches (APPENDIX TABLE 1). If we had
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Frouxe 2. Rainfall map of St. Croix, 1921-30. (From Shaw, 1932.)

records from eastern St. Croix and from the mountain tops, these ex-
tremes would be greater, probably reaching from 15 to more than 100
inches. A rainfall map of most of St. Croix is shown in FIGURE 2.
The seasonal distribution generally shows two maxima, a smaller one
, in May or June and a larger one in October. The winter minimum is
much more pronounced than the summer one. The lowest monthly amounts
on record indicate that severe drought conditions can occur in almost any
month ; even October has sometimes had less than 2 or 3 inches at most sta-
tions (see TEXT TABLE 4). Rose points out that the middle and western
sections of St. Croix have somewhat opposite tendencies in departures of
rainfall from normal — from 1903 to 1908 the middle was drier than the
,  west, but from 1909 to 1915 the middle was wetter, and after 1915 the
middle was again the drier. This may possibly be due to a quasi-cyclic
shift in the relative frequency of winds from slightly north and slightly
south of east, which would be accompanied by changes in the average tem-
peratures and humidities of the trade winds as well as contrasted oro-

graphic effects.
Forests and Rainfall

E. Taylor in his “Leaflets from the Danish West Indies” (London,
1888: 42) suggests that St. Croix formerly had a greater rainfall be-

——
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cause an early book on the islands by Oldendorp (1777) reported a greater
amount of forest growth than is now found. Although a change of climate
is possible, the present condition is better explained by the known destruc-
tion of the forest by the inhabitants. TEXT TABLE 3 shows no permanent
change in the rainfall of St. Croix since 1852. St. John and Tortola have
the most forests at present because they are too mountainous for economi-

Text TasLe 4

FreQuENcY oF MoxTiILy RAINFALL TOTALS GREATER THAN
SPECIFIED AMOUNTS, ST, Croix

Average of J stations for 63 years, 1852-1914
(From Ravn)

Moath Number of years with rainfall
Qver 20 lines QOver 40 lines Over 60 lines
(2.50 in.) (5.00in.) (71.501in.)

January P13 1 -
February 13 1 -
o H L
i 1
.\K; 37 24 1
June 38 19 9
July 44 12 3
August 50 22 3
September 57 32 10
60 8 18
November 54 30 13
December 39 11 4

cal sugar-cane culture, though at one time both were under considerable
cultivation. There is no reason to believe that either St. John or Tortola
receive much more rain than St. Thomas or St. Croix merely because they
are now more forested. Indeed, the rainfall observations (cf. APPENDIX
TABLES 2-6) lend no support to that notion.

Orographic Effects

The rainfall increases with elevation on all the islands, as residents and
travelers can readily observe and as one would expect. But rain-gage sta-
tions arelacking at high elevations, except Pearl, Mafolie. Liliendal, Wint-
berg, and Dorothea. Shaw's rainfall map (FIGURE 2) based on rainfall
records (see APPENDIX TABLE 7) of sugar estates on St. Croix leaves no
doubt that even moderate elevations are better watered. Yet the rate of in-
crease of rainfall with elevation does not here seem to be as large as in the
parts of Porto Rico where the mountains rise steeply to 3000 feet or more
directly in the path of the prevailing winds. Rose suggests that the rain-
fall of the islands is not as great as one would expect from the topography
because the winds blow mostly parallel to the mountain trends. The reason

Text TABLE §
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TexTt TaBLE 5

AvERAGE RainFaLL ror Eacii 10-Year Periop, 1852-1911 (1n 1ncies)*

*“St. Croix, Virgin Islands” = (Christiansted's Fort 4 Kings Hill* 4+ Fredericksted's Fort) /3
(From L. Smith)

Period Jan, Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov
1852-61 1.90 1.60 1.68 312 5.53 3.76 3.51 4.92 7.26 8.16 443
No1s62-71 2.11 1.65 2.36 2.06 3.35 3.86 3.10. 4.18 5.26 7.80 4.07
1872-81¢ 288 1.33 1.57 1.43 4.16 4.48 3.7 4.25 5.28 5.11 6.61
1582 91¢ 218 210 1.1§ 3.27 3.22 3.9 4.06 4.62 4.92 7.50 5.92
1892 1901 2.16 1.45 1.32 2.15 6.33 4.60 5.42 4.58 6.81 5.47 5.46
1902 11 2.52 2.31 1.12 2.52 4.26 3.40 2.47 5.40 6.92 4.68 4.96
Total 14.33 11.45 10.21 15.57 26.90 24.08 21.98 28.11 36.45 39.38 3145 21.23 281.35
Average for 60 years N :
(£852-1911) 2.38 191 1.70 2.60 4.47 4.01 3.65 4.70 6.07 6.56 5.23 3.53 46.89

® Thexe are from the same obscrvations used in TEXT TABLES 19 to 22, here converted to inches from the “lines” in which rainfall was measured (8 lines = 1 inch).

From ‘‘Reports of the Virgin Islands Experiment Station, 1911". [
1 Kings Hill was omitted from the averages ior Oct. 1878 to Oct. 1888, inclusive.
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for this may also be contained in some observations of the writer : on sev-
eral occasions during his stay at St. Thomas in June, 1939 when the sum-
mit of the island (1800 feet) was visited, he noticed that any large cumulo-
nimbus cloud that had been initiated by forced ascent of the wind over the
island would lean to the leeward so that most of the rain falling from it
would fall on the ocean surface ssmewhat to the lee of the island. In other
words the orographic influence on the rainfall was not fully enjoyed by the
island itself owing to its small size and narrow form. This observation is
confirmed (oral communication) by Sergeant Davidovic. the Aerographer
stationed at the U. S. Marine Corps Fleet Air Base on St. Thomas in 1939.

In general the annual rainfall does not seem to increase more than about
10 inches between sea level and 1000 feet elevation, but some of the lower
stations have as much rain as places high up on the leeward slopes or in
high protected valleys (compare Adrian and Cinnamon Bay, or Barracks
and Liliendal, in the same years) (ApPENDIX TABLE 2). In generally rainy
years or months the rainfall differences between stations of different ele-
vation are much greater than in generally dry seasons. -

At the U. S. Marine Corps station on Lindbergh Bay three rain gages
have been set a few hundred yards apart in a line from the water to the
foot of the mountain. These gages show a decided increase in rainfall (ap-
PENDIX TABLE 12) as the mountain is approached, although they are all
about at the same elevation. This demonstrates how sensitive the rain-
producing process is to the topography. For this reason, within the hilly
town of Charlotte Amalie, or of Christiansted, the average annual rainfall
probably varies considerably (up to 5 inches?) from block to b : hence
records taken at different spots in such a town cannot justifiably be com-
bined as if from one station. Likewise different parcels of an estate often
have very different rainfall (e.g., Eden, Emmaus, Caroline; Adrian, Su-
sannaberg).

We have not attempted to construct rainfall charts of St. Thomas and
St. John owing to the non-homogeneity of the records. Shaw's map of St.
Croix {r1cuse 2) is based on a homogeneous though short (10 years)
series of 26 records from the flatter parts of the island, which should give
a reliable and consistent pattern.

Year to Year Variation
The variability of the mean annual rainfall is of prime economic conse-
quence because in over half the years the actual rainfall is well below the
normal rainfall,* which is just about sufficient for an annual yield of sugar
* It is characteristic of the frequency distribution of either daily, monthly or annual rainfalls,

that the most frequent value (mode) is generally much less than the average, and in some cases the
zero value is most frequent.
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cane, long the chief crop, and the cane yield sutfers accordingly (Dr. Shaw
discusses this problem with respect to St. Croix, in paragraphs quoted be-
low). Du Tertre and Oldendorp mention great droughts in 1661 and 1753 ;
the poor crops of 1841, 1864, 1869, 1872 to 1877, 1891, 1892, 1899, 1904,
1923 to 1924 were due to low rainfall (see TEXT TABLES 20 to 23). Con-
trary to the impression of many residents and travelers, there is no real
evidence that the rainfall is slowly and steadily decreasing from century
to century (see Forests and Rainfall). The question of cyclic variations
has not been scientifically studied here, but results elsewhere generally
show long quasi-periodic fluctuations of considerable amplitude in the
rainfall. These undoubtedly exist here too but the records are not long
enough to reveal any but the shortest “cycles”. The average rainfall is so
near the critical limit for sugar cane that even the small short-period fluc-
tuations are important. It does not contribute much either to fundamental
understanding of the variations nor to practical precautionary measures
for the farmers merely to describe the rainfall curve as quasi-periodic. All
attempts to forecast the fluctuations by means of extrapolating “‘cycles”
derived from analysis of past records have been failures. Scientific bases
for long-range forecasting are being sought in many directions but the
solutions offered do not yet give results of practical value and general ap-
plicability, however promising the method or enthusiastic the advocates.
The most successful results so far are for certain special conditions and
places, none of which have been in the West Indies.

Diurnal Variation
The diurnal distribution of the rainfall, as at San Juan, shows a much
greater amount of rain by day than by night, judging from Mr. A. Wal-
loe’s observations at Charlotte Amalie, published in the “Sct. Thomae
Tidende”, 1888. He gives the following figures.

Text TanLz 6
Nicar anp Day RAINFALL, CHARLOTTE AMALIE, 1888*

Month (1888) Total By day By night
July 38.4 26.8 11.6
August 71.2 §5.9 213
September 69.0 44.6 4.4

* In lines; 3 lines = 1 inch.

The frequency of rain is no doubt also greater by day but the contrast
is probably not so pronounced because the intensity of the day showers is
heavier.
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At sea the rainfall frequency is a maximum at 6 s, with a secondary
maximum at about 10 p.:. The amplitude of this daily variation is pre-
sumably smaller than the one observed over the islands, where the maxi-
mum comes in the afternoon. It is very likely that the sea maximum at
6 a.). affects the islands, or at least their shoreward margins, causing a
secondary maximum at that hour. No hourly observations are available
from the islands but the sunrise shower seems to be recognized by the
residents as a more or less regular phenomenon. The daily double period
in the rainfall is of course reflected in the cloudiness (TEXT TABLE 17) and
in the frequency of thunderstorms.

Intensity and Frequency

The rainfall in this low latitude and oceanic situation is entirely of the
shower type, and therefore it is of great practical importance to know how
frequently showers occur, how long they last, how much rain falls per
shower, and what are the average and maximum rates of fall over short
periods of time. Unfortunately systematic observations using recording
rain gages were begun in the islands only very recently, so we are forced
to infer much from the usual rainfall observations which give only
monthly totals and numbers of rainy days. The average rainfall per rain
day (APPENDIX TABLES 10 and 12; FIGURE 10) indicates some important
characteristics.

The “showers” of the winter and spring seasons are characteristically
brief and light, often mere sprinkles, from cumulus clouds of small or
moderate size and spaced by large intervals of blue sky (cf. TEXT TABLE
9). Sometimes “norther” effects cause a low overcast cloud deck with driz-
zling rain punctuated by occasional heavier showers, which condition may
persist a day or two. However, ve i i i

day have fallen even'in the driest months. In the “rainy season”, from
.§Iay to Eovmvier and more enduring showers, with squalls or
thunder and ing at times, are to be expected. ;
lasting as much as 6 or 8 hours, even with brief intermissions, are normally
very rare, but passage of a hurricane within 50 or 100 miles can cause enor..
_mous rainfall totals (over 10 inchesy in I;Liy_Qr twoimmxinually_mm

tinuous downpours, The high wind during hurricane weather adds greatly
to the destructive effect of the rain.

Some significant deductions can be made from the results of the re-
cording rain gages, in spite of the short period they have been in use.
At the Marine Barracks of Bourne Field on St. Thomas a recording rain

T
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gage has been operated since 1935. An analysis of the results (APPENDIX
TABLE 12 and FIGURE 10) indicates that the average rainfall per rain day
and also per rain hour for each month is proportional to the greatest rain-
fall during any 24 hours of the corresponding months. This is a very in-
teresting relation because in the absence of recording rain gages at other
places we can assume that the “greatest rainfall in 24 hours”, which is
tabulated by the U. S. Weather Bureau for all its stations, gives a rough
basis for estimating the average intensity of rainfall per day and per hour.
Since February 1940, the Soil Conservation Service has been tabulating
rainfall rates monthly from recording gages at Anna's Hope and Jolly Hill
estates on St. Croix. An abstract of the results appears in TEXT TABLES 7
and 8. Although the period of observation is too short to give any definite
averages or extremes likely to occur, the figures are already significant. A
study of the tables reveals a closer correlation by months between the total
rainfall and the maximum intensities than between the total rainfall and
the average intensities. This is not surprising because one or two intense
showers probably have more effect on the monthly totals than the more
numerous lighter showers. There is nevertheless some tendency for the
average intensity to be greater in the rainier months than in the drier
months. It will be noted, however, that the average intensity in the spring
months appears to be as high as or higher than in the autumn months,
whereas the total rainfall is usually much greater in the autumn than in
the spring. This is a curious fact which we have already suspected from
the greater frequency of hail in the late spring and early summer than in
the late summer and-autumn. Over a period of many years the average in-
tensity of rainfall will actually be greatest in the autumn or late summer
because of hurricanes. The important conclusion is that, if hurricanes are
excluded, winter and spring showers probably have as great average in-
tensity as the autumn rains, but the maxrimum rates of rainfall in short pe-
riods, as shown in TEXT TABLES 7 and 8, are generally two or three times
greater in the “‘rainy season” than in the winter and spring. It is impossible
to infer to what extent this conclusion is justified for all parts of the
islands, as the topography may greatly affect the rainfall intensities as
well as the totals, but the Bourne Field results (APPENDIX TABLE 12) seem
to show similar features to those of Anna’s Hope and Jolly Hill estates.
Any practical interpretation of the average rainfalls reported in the
Virgin Islands, especially on St. Croix, should take into account the fact
that a large proportion of the rain falls in light showers and brief sprinkles
(see TEXT TABLES 9 and 10). Many of these light rains are measured in the
rain gages and they augment the total rainfall out of proportion to their
significance for crop growth and for vegetation because they barely wet
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Text TansLe 7
RAINFALL INTENSITIES MEASURED AT
StaTion SCS No. 18 F. S. A,, JoLLy Hiw Estate, St. Croix, V. L.
(From U. S. Soil Conservation Service)

Rainfall, Duration, Intensity,
Month inches hours® in./hr. S-min. 10-min. 20-min.  60-min.

Total Total Average Maximum Intensity for Diflerent Intervals

1940

February 0.90 15.02 0.06 1.00 0.75 0.35 0.13 -
March 0.52 1.92 0.27 - - - - =
April 1.97 6.42 0.31 1.00 1.50 0.80 0.50 0.28
May 7.10 30.00 0.24 3.50 2.00 1.40 1.10 0.70
June 3.08 8.10 0.38 2.00 1.50 0.90 0.5 0.30
July 1.14 5.07 0.42 5.00 3.50 1.80 1.30 0.65
August 3.08 12.37 02§ 3.00 1.7§ 0.95 0.30 0.1§
September 4.19 12.65 0.33 7.00 5.00 3.40 1.40 0.75
October 7.47 22.45 0.33 4.50 2.7% 2.30 1.70 1.08
November 7.18 25.37 0.28 5.00 3.50 2.40 1.45 0.90
December 3.47 20.25 0.17 3.50 2.28 1.60 0.85 0.45
1941

January 1.97 5.02 0.39 2.00 1.78 0.90 0.40 0.20
February 0.21 0.80 0.26 - - - - - -
March 1.33 1.13 1.17 1.50 1.00 0.50 0.18 -
April 12 9.45 0.24 3.78 2.50 1.40 0.56 0.30

* Intensities of less than 0.10 in./hr. are not included.
Text TanLE 8
RAINFALL INTENSITIES MEASURED AT
Statton SCS No. 1S F. S. A, ANNA’s Horg Estate, St. Crotx, V. L
(From U. S. Soil Conservation Service)
Total Total Average Maximum Intensity for Different Intervals

Rainfall, Duration, Intensity,

Month inches hours*® in./he. S-min. 10-min.  20-min. 60-min.
1940
anusry 0.38 .77 0.13 - - - - -
ebruary .09 17.18 0.12 1.80 1.28 0.78 0.30 0.18
March 0.99 4.92 0.20 1.00 0.78 0.35 0.13 -
Apri 1.58 4.20 0.37 3.50 1.78 1.20 0.80 0.43
May 2.48 15.08 Q.19 2.00 1.50 0.80 040 0.2%
June 1.56 4.60 0.34 3.00 2.25 1.20 0.40 0.20
July 117 4.23 0.28 1.00 0.7% 038 0.13 -
August 1.78 7.48 0.23 3.00 2.00 0.80 0.30 0.15
September $.24 6.67 0.82 7.00 5.00 4.20 2.30 1.18
October 3.43 22.08 0.38 4.00 3.00 2.00 0.80 0.50
November 6.08 14.67 0.41 7.00 5.50 3.30 1.10 0.60
ber 2.36 14.10 0.17 1.50 1.00 0.48 0.18 -
1941
January 3.67 12.25 "0.30 4.00 2.50 t.60 0.60 0.38
February 0.19 2.50 0.08 - - - -~ -
March 1.08 2.83 0.37 1.50 1.00 0.50 0.20 0.15
April 2.48 1.28 0.34 4.00 3.00 .60 0.92 048

* Intensities of less than 0,10 in./hr. are not included.
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Evaporation

The actual water loss from the ground by evaporation and by transpira-
tion of plants is probably high, judging from the general weather condi-
tions and from the measures of cvaporating power of the air made at the
Experiment Station (see APPENDIX TABLE 8). Consequently, the roughly
45 inches of measured average annual rainfall in the Virgin Islands is by
no means the equivalent for plant growth of 45 inches of measured pre-

cipitation in rainier parts of the West Indies or in the southern United
States.

Thunderstorms, Squalls, and Hail

Thunderstorms occur, as in Porto Rico, chiefly from July to October,
according to the records at Christiansted and Bourne Field (TEXT TABLE
' and APPENDIX TABLE 12). Schomburgk in 1837 reported that 5 to 10 per
cent of the days in a year had thunderstorms, mostly in September and
October, which roughly agrees with the Christiansted data, although at
Bourne Field more of the storms occur in July and August. Most storms
probably occur in the afternoon. as at San Juan. They are apt to be squally
and inflict wind damage at times, but lightning damage is usually slight.

Squalls are sometimes associated with heavy showers and probably with
most thunderstorms. The familiar downrush of cold air under a thunder-

storm or tall cumulonimbus cloud can be so violent as to capsize small
boats and damage dwellings, trees, and crops. When the observer is located
on the sunny side of the cloud. it may appear white until after the squalls
reach him, giving rise to the term “white squall” of the West Indian na-
tives; but when the observer is under or on the shaded side of the cloud.
it appears very dark and ominous, so the accompanying gusts are called
“black squalls”. White squalls are also reported without heavy clouds
nearby, but these are merely gusts when the trades are blowing strongly.
The Weat Indian sailor well knows that the squalls are apt to be especially
violent and dangerous to boats along a coast which rises to high mountains
immedjately back of the shore,

Hail is rarely reported and most residents spend a lifetime in the islands
without seeing any. There are enough authenticated reports to leave no
doubt that it falls at least every few vears. even several times in some vears
in which conditions are favorable for it. Much hail, with cold and rainy
weather, occurred in Virgin Gorda in January 1833. according to Schom-
burgk, who also wrote of hail on the north side of Tortola in November
1829. Knox mentions that hail as big as hen eggs fell in St. Croix on
April 13, 1844; and that a Mr. Nissen told him of a hailstorm at St.
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the vegetation and the top of the soil and do not sink into it, and so are
quickly evaporated by the sun and wind.

T. Crotx, V. I,
<)
7 Text TABLED
for Diff
] tereat Intervals PERCENTAGES OF DAYS WITH SPECIFIED AMOUNTS OF RAINPALL.
min. 60-min. 120-min. CHRISTIANSTED, ST. CRro1X, 1852-1907

o (From Willaume-Jantzen and Ravn)

n3s 0.13 -
‘4‘]8 ?153 0.28 = 20 mm = S0mm
290 0.55 039 0-5 mm (0.79" (197"
s . Month (0-0.20") or more) or more)
0 1.30 0.65 -
:’g 0.30 0.15 January 67 s 0
10 1.40 0.7 February 64 s 3
° ll.70 1.05 March 66 4 ]
o o 0% Wy % 10 :
. . y 56
June 46 14 3
6 July 5§ 10 2
_ 0.40 0.20 August 4 i 4
)~ - Omober ™t “ i 7
0 -
v 0 .30 November 4 12 3
I 2
Year 54 1 3
- Coorx, V. 1 Text TasLE 10

| AVERAGE AND ExTREME NUMBERS OF DAYS WITH RAIN, CHRISTIANSTED,
! St. Crotx, 1852-1907

i (From Willaume-Jantzen)

Different Intervais

‘. 60-min.  120-mip,
- Highest Lowest
0.30 0.18 Moath Mean in any ooe year in any one year
0.13 -
0.80 0.43 anuary 1 20 2
g':g 8-;5 {?ehnnry g :.‘! ‘l)
o1 4 i i :
X . y
23 013 June 10 20 .
; : July 1 17 4
40 o August 1 17 4
0.18 69 September :g {g :
November 14 20 4
0.60 0.38 ] December ) 13 19 6
o8 o8 Year 128 177¢ e
T T ® These figures are not sums of the columns above, but are the extreme totals on record for any one
year io the period covered by the table,
e
L T UT i b 1
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Due to the small size of the islands and the location of all stations
within a few miles of the water, the mean daily range is quite small.

It varies from 9.1° at Charlotte Amalie to 15.1°F at Wintberg. For
these same reasons extremes of temperature are not as great as they are
in Puerto Rico, and relatively few days have temperatures of 90° F or
above. Since the extent of land areas is small, the air passage over
land is quite short and there is not sufficient time for extreme heating

to take place. On St. Croix, Annas Hope has had a temperature as high
as 99° F.

During the warmest months, maximum temperatures average about 87° to
89° F, with nighttime temperatures falling to about 74° to 78° F, and a
little lower at the higher elevations. In the winter, daily maximum
temperatures are generally in the low 80's and nighttime minima in the
high 60's or low 70's.

The highest mean maximum temperatures are found in August, while the
lowest mean maxima fall either in January or February. The lowest mean
minimum temperatures are observed in January and February, and the
highest mean minimum temperatures are generally in July or August.

DROUGHT - Drought in the Virgin Islands occurs about as often and is
just as damaging as it is in Puerto Rico. None of the three islands has
any significant running rivers or streams and only St. Croix has an
underground water source in a few sections. Water for irrigation is not
available in quantity at any time. Large storage reservoirs do not
exist so the Virgin Islands are, to some extent, more at the mercy of
"Mother Nature' than is Puerto Rico where there are adequate facilities
for water storage.

HAIL - In the U. S. Virgin Islands, hail is even less frequent than in
Puerto Rico. In January of 1969 a severe local hailstorm with hailstomes
up to 1 1/2 inches in diameter occurred. This was the first hailstorm
on record in the U. S. Virgin Islands.




aphic lifting of the moisture laden air over the hilly terrain of
these islands is the most frequent cause of rainfall. However, due to
the smaller elevations and smaller size of the islands, there is a less
marked variation in annual amounts. The larger mean annual totals are
between 50 and.- 60 inches at the higher elevations, and the variation
between the greatest and least average value is not as marked as it is
in Puerto Rico. Clouds formed by forced ascent of the wind over small
and narrow islands, as is the case for St. Thomas and St. Croix, lean to
the leeward, so that most of the rain from them falls in the ocean to
the lee of the island. Easterly wave passages are important contribu-
tors to the rainfall of the Virgin Islands during the months from May
through November. Like Puerto Rico, the U. S. Virgin Islands lie in the
path of the tropical storms and hurricanes which form over the ocean to
the east of the Lesser Antilles. As in Puerto Rico, they are relatively
infrequent. While cold frontal passages affect the rainfall regime of
the Virgin Islands, the frequency of fronts {s less and their intensity
is more likely to be diminished and less effective than in Puerto Rico.

Annual rainfall values indicate differences in rainfall from location to
location with higher elevations generally receiving greater amounts. On
St. Thomas and St. John, on the basis of the limited data available,
muwwwwe. On St.
Croix there is a more noticeable variation from place to place. This
Island has the greatest annual rainfall, in excess of 50 inches in the
northwestern corner. There are some indications that stations in a
small area along the central portion of the southern coast of St. Croix
receive about 40 to 45 inches. A narrow. finger of between 25 and 35
inches extends northeast to southwest over the flatlands south of the
hills in the western portion of the Island. Annual rainfall averages

less than 30 inches in the eastern end of St. Croix, possibly as low as
20 inches.

As in Puerto Rico, there is no sharply defined wet-dry season relation-
ship. Records available for the three islands indicate a relatively
wet-relatively dry season distribution similar to that found in the
southern portion of Puerto Rico. The relatively dry period extends from
about December through June. Occasionally, quite heavy rainfall occurs
during the so-called drier months. The driest month of St. Thomas and
St. John usually is February or March and the wettest month September or
October, as in the southern sections of Puerto Rico. On St. Croix, the
month with the heaviest rainfall, on the average, ranges from September
through November. .

The number of days with measurable rainfall over the Virgin Islands,
based on a few known-to-be reliable stations, ranges from a little less
than 200 days annually at the higher rainfall stations to less than 100
days annually at the stations with lowest rainfall.

As in Puerto Rico, one of the most striking features of the temperature

regime in the U. S. Virgin Islands is the relatively small variation from
the coolest to the warmest months, ranging from about 5° to 7°F.
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comfort or discomfort, between economic success or failure, or between
safe and compatible building design can be a delicate one. Through
effective planning and intelligent application of climatic considerations

to life in the Caribbean, man can truly say he has found his tropical
paradise.

U. S. VIRGIN ISLANDS

Location: The U. S. Virgin Islands are composed of three major islands,
together with a number of smaller islands and cays totaling about 50.
The three of primary importance are: St. Thomas, where the capital is
located; St. Croix, the largest; and St. John, the smallest.

These islands follow Vieques Island and Culebra Island in the path of
the Lesser Antilles toward South America. St. Thomas lies some 38 miles
east of Puerto Rico and about 1,500 miles southeast of New York.

St. John lies a few miles east of St. Thomas and St. Croix is located
about 40 miles south of St. Thomas and St. John.

With an area of about 28 square miles, St. Thomas is the second largest
of the U. S. Virgin Islands. This island lies between latitudes 18°23'N
and 18°18'N and longitudes 65°03'W and 64°50'W. It is about 5 miles
from its northernmost to its southernmost points and a little more than
12 miles from its eastern to western extremities.

The smallest of the three principal islands is St. John, with an area of
only about 20 square miles. It is also the least populated. St. John
lies between latitudes 18°23'N and 18°18'N, and longitudes 64°48'W and
64°40'W. This island extends about 5 miles from its northern to southern-
tips and about 8 miles from its easternmost to westernmost points.

Somewhat apart from the others, the largest of the three islands is

St. Croix which has an area of 84 square miles. It lies between lati-
tudes 17°47'N and 17°41'N, and longitudes 64°54'W and 64°34'W. The
Island extends some 19 miles from east to west and 6 miles from north to
south.

Topography: St. Thomas has an extremely irregular coastline and is very
hilly with practically no flatland. The highest hills are generally

- found wear-the-center of the Island, with Crown Mountain at 1,550 feet
the highest point. The Island is relatively small and many of the peaks
rise above 1,000 feet. This results in rather steep slopes over all the
island, so that rainfall runoff is quite rapid and there are no per-

_ manent SLERARS Of FIVeTa.

Like $€. Thomas, St. John has an extremely irregular shoreline and a
very Hilly topography. It has a number of peaks over 1,000 feet, topped
by Bordssux Mountain at 1,297 feet in the eastern portion of the island.
Slopes are quite steep over all of the island, and there are very few
areas of flatland. There are no permanent rivers or creeks.
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St. Croix is the largest of the three U. S. Virgin Islands. The topog-
raphy is somewhat different from the other two with a broad expanse of
low, relatively flatland running along the southern two-thirds of the
Island. A range of hills, ranging in elevation from about 500 feet to
more than 1,000 feet, .topped by Mount Eagle at 1,165 feet, runs along
the northern coast. In the eastern end of St. Croix is found another
group of slightly lower hills with a maximum elevation of about 860
feet. The relatively small area covered by hills on St. Croix results

in rather steep slopes down to the Caribbean in the north and to the
level areas to the south.

Agriculture is not as important in the U. S. Virgin Islands as it is in
Puerto Rico. St. Croix is the only one of the U. S. Virgin Islands with
any sizable expanse of flatland suitable for farming. Here sugar cane,
which was the principal crop, has been abandoned. Subsistence crops are
now a minor effort. Some cattle are raised for milk and meat.

In St. Croix, industrial growth has become a significant factor in the
island's economy. With the downgrading of agriculture, industrial
complexes have been expanded to include the petrochemical industry and
refinement of aluminum. Light industrial plants and the manufacture of
rum are the other industrial activities in St. Croix and St. Thomas.

St. John has no industrial development and remains primarily a National
Park.

Tourism is the biggest factor in the Virgin Islands economy. It has,
over the past years, undergone a vast increase in the numbers of cruise
ships, especially at St. Thomas and St. Croix. Hotel facilities have
been increased on both islands.

One of the principal causes of concern in the U. -S. Virgin Islands is
the short supply of water. Rainfall, while above 40 inches annually
over most of the area, is insufficient. This is due partially to a high
evaporation rate and the rapid runoff from the steep slopes on St.
Thomas and St. John and, to a certain extent, on St. Croix.

In an effort to utilize available water efficiently, most homes and —

business establishments catch rainwater on the roofs and pipe it to
cisterns. The runway at the airport at St. Thomas is also used as a
catchment area. On St. Thomas and St. John it is common to see the
entire side of a hill cemented to act as a catchment area. Generally,
during the drier portion of the year, it is necessary to carry water by
barge from Puerto Rico. Installation of a sea-water distillatiom unit
on St. Thomas and St. Croix has helped alleviate the water shortage but
water still remains a significant factor in the development of the
island's ecaomomy.

Rainfall in the U. S. Virgin Islands is of the same nature as that in
Puerto Rico, falling most frequently in the form of brief showers. The
rainfall-producing mechanisms are essentially the same as in Puerto Rico
except in the matter of degree.
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appear to be sufficient land available to increase the
cistern volumes laterally. The only wvay the volume
could be increased is by making deeper cisterns. This
operation would require the shoring of the existing
homes and apartaents, therefore, the possibilty of
structural damage to these residences.

2.0 SITE DESCRIPTION AND CONDITIONS

2.1 site Background and conditions

The Tutu Well site is located at the eastern end of the
Island at the Anna’s Retreat Section of St. Thomas (see
Figure 2-1 page 5). Most of the wells are used for public
drinking water supply. The wells appear to be drilled
into the Turpentine Run aquifer.

On, or about July 7, 1987, Mr. Eric Tillett, contacted
the U.S. Virgin Islands (U.S.V.I.) Department of
Planning and Natural Resources (DPNR) regarding an odor
emanating from the raw vell wvater on his property
located at Anna’s Retreat, St. Thomas, U.S.V.I.

Oon July 16, 1987, the USEPA received a request from the
DPNR in St. Thomas, for sampling and analyses of
several wells in Tutu. On July 21, the USEPA and its ~
Technical Assistance Team (TAT) contractor, Roy P.
Weston, Inc., mobilized to St. Thcomas, to perform
sampling on the drinking wvater wells suspected of being
N contaminated. These wells vere also reported to have a
strong, unpleasant odor and were found to be
contaminated with hazardous substances.

The EPA and its Technical Assistance Team (TAT) in
coordination with DPNR, initiated sampling of wells in
the affected area in July 1987. The test results
shoved the presence of high concentrations of gasoline
and chlorinated organic compounds. Pour wvells: Elgin,
Pour Winds, Harthman, and Virgin Islands Housing
Authority (VIHA) wvere closed down by order of DPNR due
to high VOC concentrations.

Several of the wvells in this area are major

commercial well services used for public drinking water
supply, therefore, the incident was classified as major,
and the DPNR Commissioner requested the EPA to assume the
role of Lead Agency. The well locations can be seen in
Pigqure 2-2 page 6.

A Texaco station, located opposite the Tillet Well, is
suspected as a possible source of contamination. A
Petrotight test conducted on the underground storage
tanks at this facility indicated leaks in two of

the three tanks. These failures may have contributed
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NO. WELL NAME NO. WILL NAME
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to the groundwater pollution problem, resulting in the
contamination of nearby wells. Another suspected
source of contamination is the Tutu Esso gas station.
This facility stores waste o0il in an underground
storage tank. The facility has had probleas in the
past wvith leakage from their underground gasoline
storage tank and is suspected of using solvents

in the mechanic shop. At the time of inspection, the
nature of the problem had not been determined. Both
the Texaco and Esso gas stations are upgradient froa
the affected vells vhich are being supplied with wvater.

EPA continued its efforts towards the identification of;
affected wells in the area, customers which

had received wvater from contaminated wells, and
possible alternate vater supplies and remedial

action alternatives.

A testing program of wells located outside of the known
area of contamination was conducted to evaluate those
areas as possible alternate vater supply sources.

Sampling of cisterns served by the contaminated wells
was also performed. EPA directed the Emergency
Response Cleanup Services contractor (ERCS) to; clean
and disinfect the five (5) cisterns wvhich had tested
positive for PCE, modify the existing home plumbing,
disconnect the contaminated wells, and dispose of the
contaminated water. At EPA’s direction, ERCS also
contracted a local vater hauler to deliver
uncontaminated drinking water to the cisterns by tank
truck. A well sampling program wvas established by the
EPA to monitor the wells at the Tutu site for a one
year pericd.

Nine potential responsible parties have been identified.
These facilities included three gasoline service
stations, two vehicle maintenance repair shops, two
territorial govermment agencies, one dry cleaner and
one abandoned gasoline service station. EPA has
identified Texaco as a viable potentially responsible
party, based on the results of a soil/gas survey
conducted on the Texaco Property under order from DPNR
and under the supervision of EPA. The survey found
total hydrocarbon concentrations up to 690 ppm of
benzene. EPA is continuing its efforts to identify
potential responsible parties.

Topography and Geology{dl

"St. Thomas is the most northwest island of the U.S.
Virgin Islands and the second largest. The island is
approximately 14 miles long and 2 to 3 miles wide and
has an area of 32 square miles.
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The land surface is almost entirely sloping and extenc
seawvard from a central ridge, 800 to 1,200 feet high,
running the length of the island. The slopes, which
commonly exceed 35 degrees, are dissected by numerous
stream courses of steep gradient. The general
appearance is a panorama of steep interstream spurs an
rounded peaks. PFlat inland is confined to the
Charlotte Amalie area and a fev small alluvial-filled
embayments. The only variation in the general
topography is in the upper valley of Turpentine Run in
eastern St. Thomas. The valley has relatively gentle
topography consisting of rolling hills in a basin
surrounded by steep slopes and sharp ridges.

The Tutu Formation, the youngest rock exposed on St.
Thomas is composed almost entirely of anqular debris
derived from the Louisenhoj Pormation (an older
volcanic formation) and minor limestone debris from
thin limestone deposited contemporaneously with the
Tutu Formation.

The rocks wvere subsequently tilted to form a northward-
dipping homocline. Dips range from 15 to 90 degrees
and average about 50 degrees. Locally the formations
are overturned.

The permeable zones that these rocks oncs may have had
after deposition have been destroyed by metamorphisa or
by deposition of minerals in pore spaces. Groundwater
movement is now limited to openings along joints and
fault zones. The homoclinal structure is cut by sets
of faults trending N 45°W, N SS°E and north. Three
well-defined joint sets parallel each of the major
fault directions. The valleys of the island have
similar trends and are apparently the result of
selective erosion of rock weakened by faulting and
jointing. Prime zones of groundwater availability,
therefore, follow the valleys.

Small alluvial deposits ranging from Pleistocene to
Holocene in age, lie in the valley of Turpentine Run in
east-central St. Thomas and the larger coastal
embayments.

The alluvium of Turpentine Run lies in a narrow band
seldon more than 200 feet in width along the stream.
Maximum thickness of the alluvium is about 40 feet.
Most of the alluvium, which is composed of silt, fine
sand, and clay and contains discontinuocus beds of sand
and gravel 2 to 3 feet thick: lies in the Mt. Zion-Tutu
area of the upper basin and in the narrow valley from
Mariendal to Mangrove Lagoon in the lower basin. The
alluvium extends out under the lagoon near the mouth of
Turpentine Run. Although composed predominately of
fine-grained material, the alluvium readily infiltrates



streamflow when the groundwater level is below the base
of the stream. As such, the alluvium forms a readily
rechargeable aquifer, although it is of small extent
and yield.

Some coastal embayments headed by intermittant streams
contain small deposits of alluvium similar to that of
Turpentine Run. Maximum thickness of these deposits is
estimated to be 50 feet, and their areal extent seldom
is greater than a few acres (an exception being the
Long Bay and Airport areas near Charlotte Amalie).

Near the sea, the alluvium interfingers with calcareous
sand and at times contains lenses of mangrove swamp
deposits. Therefore, the deposits ife of minor
significance as sources of water®. (

Rainfall{dl

"Rain is the only natural source of fresh water to
replenish the water resources of the island. Rainfa)
is seasonal, with a rainy season in late summer and
early fall and a secondary wet season usually in May.
Nearly half the rain falls during August-November.

iins exceeding 1 inch in 2
times a year. F
?,EWLM‘_M;
ase ra can occur any month, but are more like
during the hurricane season (August-November). About
gg_fgggggp of the time annual rainfall is between 40
S0 @s. Less than 10 percent of the time annual
fainfall is under 35 inches, which usually means a

major deficiency during the normal wet season and
drought.

The cumulative departure from average and the 10-year
running average of rainfall shows that at this time of
vriting (1967) the island may be entering a period of
deficient rainfall. With the exception of a few years
in the late 1940’s and early 1950’s, rainfall in the
past 30 years has been below average. There has been a
long-term decline of about 10 inches in annual rainfall
since the peak of the surplus rainfall period in the
early 1930’s. The most severe droughts on record
occcurred in 1964 and 1967, when only 27 and 24 inches
of rain fell, respectively.

Areal distribution of long-term rainfall, is

controlled by topography and the prevailing easterly to
northeasterly winds. However, individual storms may
or may not show the effects of orographic control or
prevailing winds and the areal i stribution of the
storms can be very irrcgular'.( See Figure 2-3,

page 10, for average yearly rainfall.



sampling Results

The Tutu well site has been sampled repeatedly over:
the last ten months and found to contain definite
contamination. The initial assessment was conducted in
July through September of 1987. Subsequent sampling
and analysis has proceeded on a monthly basis. The
initial assessment considered 26 wells and
approximately 50 cisterns. Of these wells and
cisterns; 24 wvells and 5 cisterns were found to be
contaminated. The 5 cisterns wvere cleaned and
disinfected by the ERCS contractor. Subsequent
monitoring has been considered for the 24 wells that
shoved some type of contamination.

Table 2-1 pg. 12, lists the wells included in the current
sampling program. Tables 2-2 and 2-3 , pages 13-16,

show the volatile organic analysis results of the
contaminated vells and give the highest concentration

of organic contamination found during the last six
months.

The sampling, and most of the preliminary Photovac
portable GC screening, was conducted by the U.S. EPA
Region II TAT. Drinking vater laboratories have
performed formal analyses to verify the photovac
screening results and to cover the entire spectrum of
possible hazardous contaminants.

Although, the concentration of these contaminants
fluctuates monthly, it is noteworthy that the major
contaminants have been 1,2-trans-dichloroethylene
(DCE), trichlorocethylene (TCE), tetrachlorocethylene
(PCE), toluene (TOL), benzene (BEN), tertbutyl methyl
ether (TBME) and various metals. Their high
concentration in four wvells:; Tillet, Harvey, Smith and
Steele has been evident from the initial assessment.
These vells show concentrations of volatile organics
(VO) in excess of 1,000 ppb. The major and most
consistent contaminant appears to be PCE. The Tillet
vell has also shown very high DCE and BEN
contamination. PFour other wells; Prancois, Mathias,
Pour Winds, and Elgin:; wvere confirmed to have >50 ppb
VOCs.

The last confirmation analysis conducted during October
1987, included the entire Hazardous Substance List
(HSL), (consisting of approximately 150 chemicals). At
that time, significant levels of TBME up to 470 ppb,
and methylene chloride up to 120,000 ppb wvere detected.
Some samples have also shown traces of vinyl chloride,
chloroform, 1,1,1-trichloroethane, bromodichloroethane,
Xylene, and ethylbenzene.

Finally, the HSL analysis also showed the presence of

11
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TABLE 2-1

CURRENT WELL MONITORING PROGRAM
AND CLASSIFICATION AT TUTU WELL SITE

WELL NAME CLASSIFICATION QPEN/CIOSED
1. Dede Public Open
2. Steele Private Closed
3. EBlgin #1 Commercial Closed

Elgin $2 Commercial Closed

Elgin #3 Commercial Closed

4. Pour Winds Commercial Closed

5. Smith Private Closed
6. Bryan Commercial Open

7. Harvey Private Closed

8. Tillet Commercial Closed

9. Harthman Estate Private Closed
10. Devcon #1 Commercial Open
Devcon §#3 Commercial Open

11. VIHA {1 Institutional Closed

VIHA #3 Institutional Closed

12. Dench Commercial Pump/No Power

13. Ranmsey Private open

14. Harthman Crusher Commercial Closed

1S. Alpha Leonard Private Open

16. Francois Private Open

17. Demitris Commercial Open

18. Rodriguez Auto Private Open

19. Harthman Bakery Commercial Closed

20. Mathias Private Open

~N

Definition of Classifications

Private:
Commercial:

Institutional:

Public:

Wells which serve one or two houses.

Wells that are used to yield water for sale.
Wells owned and operated by a non-profit

institution or governmental agency.

Wells that are for public use.

12
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FISH AND WILDLIFE SERVICE LIST OF ENDANGERED
AND THREATENED WILDLIFE AND PLANTS

(%0 CFR 17.11, 17.12; As shown in Code of Federal Reguiations, Volume 50,
Revised as of October 1, 1983; 48 FR 46057, October 11, 1983; 48 FR 46331, 461336,
46337, 46341, October 12, 1983; 48 FR 49248, October 25, 1983; 48 FR 52742, 52746,
November 22, 1983; 49 FR 1058, January 9, 1984; 49 FR 1994, January 17, 1984; 49
FR 2783, 2786, January 23, 1984; 49 FR 6102, February 17, 1984; 49 FR 7334,
February 28, 1984; 49 FR 7394, 7397, February 29, 1984; 49 FR 10528, March 20,
1984; 49 FR 14356, April 11, 1984; 49 FR 21058, May 18, 1984; 49 FR 22329, 22334,
May 29, 1984; 49 FR 27514, July 5, 1984; 49 FR 28565, July 13, 1984; 49 FR 29234,
29237, July 19, 1984; 49 FR 30201, July 27, 1984; 49 FR 31420, August 7, 1984; 49 FR
33885, 33892, August 27, 1984; 49 FR 34494, 34500, 34504, 34510, August 31, 1984;
49 FR 35954, September 13, 1984; 49 FR 40038, October 12, 1984; 49 FR 43069,
October 26, 1984; 49 FR 43968, November 1, 1984; 49 FR 44756, November 9, 1984; 49
FR 45163, November 15, 1984; 49 FR 47400, December 4, 1984; 50 FR 1056, January

9, 1985)

Title 50—Wildlife and Fisheries

CHAPTER |—UNITED STATES FISH AND
WILOLIFE SERVICE, DEPARTMENT OF
THE INTERIOR

SUBCHAPTER B——TAKING, POSSESSION, TRANS-
PORTATION, SALE, PURCHASE, BARTER. EX-
n::nmou. AND IMPORTATION OF WILD
L

PART 17—ENDANGERED AND
THREATENED WILDLIFE AND PLANTS
Awthority: Pub. L. 93-205, 87 Stat. 884;

Pub. L. 94-359, 90 Stat. 911; Pub. L. 95-
632, 92 Stat. 3751; Pub. L. 96-159, 93
Stat. 1225; Pub. L. 97-304, 96 Stat. 1411
(16 US.C. 1531 ef seq.)
[Amended by 49 FR 21058, May 18,
1984 49 FR 22329, 22334, May 29, 1984,
49 FR 27514, July 5. 1984; 49 FR 28565,
July 13, 1984; 49 FR 29234, 292137, July
19, 1984: 49 FR 30201, July 27, 1984; 49
FR 31420, August 7, 1984: 49 FR 33885,
33892, August 27, 1984; 49 FR 14494,
34500, 34504, 34510, August 31, 1984 49
FR 35954, September 13. 1984; 49 FR
43968, November 1. 1984; 49 FR 44756,
November 9. 1984; 49 FR 45163, Novem-
ber 15, 1984: 49 FR 47400, December 4,
1984; 50 FR 1056. Jasuary 9, 1985}
Subpert § ~ Lists
§17.11

Endengered and threatesed
wildlife.

(a) The list in this section contains the
names of all species of wildlife which have
been determined by the Services to be
Endangered or Threatened. It also con-
tains the names of species of wildlife treat-
ed as Endangered or Threatened because
they are sufficiently similar in appearance
to Endangered or Threatened species (see
§17.50 o1 seq.).

(b) The columns entitled “Common
Name,” “Scientific Name,” and “Verte-
brate Population Where Endangered or
Threatened™ define the species of wildlife

2-8-8%

within the meaning of the Act. Thus. dif-
ferently classified geographic populations
of the same vertebrate subspecies or spe-
cies shall be identified by their differing
geographic boundaries, even though the
other two columns are identical. The term
“Entire” means that all populations
throughout the present range of a verte-
brate species are listed. Although common
names are included, they cannot be relied
upon for identification of any specimen,
since they may vary greatly in locai usage.
The Services shall use the most recently
accepted scientific name. In cases in
which confusion might arise. a synonym(s)
will be provided in parentheses. The Ser-
vices shall rely to the exient practicabie on
the Inmternational Code of Zoological
Nomenclature.

(c) In the “Status™ column the follow-
ing symbois are used. “E” for Endan-
gered. “T™ for Threatened, and “E {or T}
(S/A)Y" for similarity of appearance
species.

(d) The other data in the list are non-
regulatory in nature and are provided for
the information of the reader. In the annu-
al revision and compilation of this Title,
the following information may be amend-
ed without public notice: the spelling of
species’ names. historical range, footnotes.
references to certain other applicable por-
tions of this Title, synonyms, and more
current names. In any of these revised
entries. neither the species. as defined in
paragraph (b) of this section, nor its status
may be changed without following the
procedures of Part 424 of this Title.

(e) The “Historic Range” indicates the
known geners! distribution of the species
or subspecies as reported in the current
scientific literature. The present distribu-

tion may be greatly reduced from this
historic range. This column does not imply
any limitation on the application of the
prohibitions in the Act or implementing
rules. Such prohibitions apply to all indi-
viduals of the species, wherever found.

(N(1) A footnote 1o the Federal Regis-
ter publication(s) listing or reclassifving a
species is indicated under the column
“When Listed.” Footnote numbers 1o
§817.11 and 17.12 are in the same nu-
merical sequence. since plants and animals
may be listed in the same Federal Register
document. That document, at least since
1973. inciudes a statement indicating the
basis for the listing. as well as the effecuve
date(s) of said listing.

(2) The “Special Rules” and “Critical
Habitat” columns provide a cross refer-
ence to other sections in Parts |7, 222,
226, or 227. The “Special Rules” column
will also be used to cite the special rules
that describe experimental populations
and determine if they are essential or
nonessential. Separate listing  will
be made for experimental populations.

and the siatus column will include
the following symbols: “XE" for
an essential experimental population

and “XN™ for a nonessential experimental
population. The term “NA™ (not applica-
bie) appearing in either of these two coi-
umns indicates tQat there are no speciai
rules and/or Critical Habiat for that par-
ticular species. However. all other appro-
priate rules in Parts 17, 217-227. and 402
stil} apply to that species. In addition.
there may be other rules in this Tile that
relate to such wildlife. e.g.. pori-of-entrv
requirements. It is not intended that tne
references in the “Special Rules™ column

[Sec. 17.11(1X2)}
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TABLE 2
PERMRABILITY OF GEOLOGIC MATERIALS®

Approxzimate Range of Assigned
Type of Material HBydraulic Conductivity Value

Clay, compact till, shale; unfractured <107 ca/sec 0
metamorphic and igneous rocks

Silt, loess, silty clays, silty 1073 - 107 ca/sec 1
losms, clay loams; less permesble

limestone, dolomites, snd sandstons;

soderately pemmeable till

Fine sand and silty sand; sandy 1073 - 1073 ca/sec 2
loans; loamy sands; modarately

permsable limastons, doloamites, and

sandstons (no karst); moderately

fractured igmeows and setemorphic

rocks, some coarse till

Gravel, sand; highly fractured »10°3 ca/eec 3
ignsous and metamorphic rocks;

permsable basslt and lswvas;

karst limestons sud dolomite

*Darived from:

Davis, S. K., Porosity and Permeability of Natursl Materisls ia Flow-Th
Porous Media, R.J.M. DeWest ed., Ac c ss, Navw Yo

Preese, R.A. and J.A. Cherry, Groundwater, Prentice-Hall, Iac., New York, 1979
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the final basc map, have good shore-line detail. Mapping on St. John was
done on 1:20,000 enlargements of the 1:40,000 U.S. Coast and Geodetic
Survey map. Acrial photographs of approximately 1:30,000 scale were use-

Gioup are comse wackes consisting almost entirely of slightly weathered
debris derived from the andesitic pytoclastic rocks. The deposition ol this
group may have accompanicd the formation of the initial island plattorm
and trench.

Y

ful for some structural interpretations.
Expasures along the shore lines ranged in quality [rom exccllent to very

Group is probably Albian (although the Hans Lollik Formation could be
Eocene), and the diorites are early Tertiary.

The oldest rocks in the Virgin Islands are the keratophyres and spilites
ol the Water Island Formation. These volcanic rocks are predominantly

poor. Those inland, except in recent voad cuts, were almost invariably
; very poor. The best oyl gh St. Thomas and S1. John are steep
5. cliffs, which are in placifl i traverse. More sheltered shore lines
' are casily walked, but rg Bhere are much poorer.
Laboratory investigathgig el sudy of several hundred thin sections, “ﬁms”%?}LlK FORMATION ({10,000 tees +)
N X ray diffraction examination of rock samples and mineral separates, about a touar m..':?'is,::'t ::nu:cu ond TUFF Upper ong
. 300 partial chemical analyses, and numerous mineral determinations by ) '
optical examination of crushed samples. About a doren feldspars were o
determined by measurement of index of rclraction of grains oriented on Ol omco car frzx = =] TUTU FORMATION (6000 feel t)
the universal stage, according to the method of Smith (1960). Approximatcly ~la 1 ('::l"l“;:?r:'ls ;Acu Includes neor 1he base ina
100 additional plagioclase samples were determined by measurcments of Sz o] ive top e e Eg:g;“:&;‘; 'L'l""‘::‘;f‘;:: e er
indicts of refraction of unoriented grains. An extensive optical study of the S| F|con romr | SR8 G2]  (200- 300 feet): commscry chystarine
fcldspars, completed alter this manuscript was first submitted, has been x bt 2hes LIMESTONE. Top of formatian not aipored in u'S aionds
published clscwhere (Donnelly, 1968). Pyroxenes were determined by meas- ~|" i OgIﬂ.‘.&? ‘ii?c.}.'c".!E?JS'.‘fm‘foo aamace!)
urement of n, and 2V, according to the method of Hess (1919). ~“lz LIMESTONE. ' U3 RAGIOLARAN
o LOUISENHOJ FORMA
SUMMARY OF STRATIGRAPHY OF ST. THOMAS e Thomaz), 4000 feet (£ $1 Thomas |- 7000,
' AND ST. JOHN ol and T TR Bl ST ELNSESIE, oneccn
. . . . . w h i bs::bes Point Conglomerate lithofacies
I'he rock units of St. Thomas and St. John (Fig. 2) can be divided into o Tineiogy 4t ond codbles ol WATER ISCAND FORMATION
three major groups: the Water Island Formation, which consists of kera- <
tophyres and spilites; the Virgin Island Group, which consists of andesitic ~
pyroclastic rocks and sediments; and one or more dioritic plutons. The '&-’ UNCONFORMIT y
Water Island Formation possibly is Jate Lower Cretaceous. The Virgin Island o

WATER ISLAND FORMATION (15,0
KERATOPHYRE FLOWS, FLOW BRECCIAS 29 itn.r'r:)
wilh SPILITE  FLOWS and minor MADIOLARITES
nruded By dider end plugs of KERATOPHYRE.

= flows and flow breccias, but keratophyric pyroclastic rocks are widespread.

A few of the finegrained tuffaceous beds contain well-preserved Radiolasia
& of undetermined age. Noteworthy in the Water Island Formation is the ab-
o sence of terrigenous sediments. This characieristic, together with their ap-
R parently igncous mineralogy, has led the writcr to the conclusion that they -
A are probably volcanic rocks which were extruded on a relatively level ocean Fieuma 2. Stratigraphic scction for SU°Nhomas and St Jubn, Viegin Blands
] floor, prior to the existence of a trench or island platform. Folding after depositi . )
v In contrast 1o the postulated abyssal environment for the Water Island from dill:wmiull y .‘!’9’";"’" of '."“ Virgin Lland Group 1esulted Lagely

s volcanic rocks, most of the overlying pyroclastic rocks of the Virgin Island ing from 15° 10 90".'".;'; _movcf!“".l ol !"°‘,'““’" Average dips of 107, rang

i Group were extruded subacrially. Both the volcanic and sedimentary 1ocks of less than | mile. ANl 1 a':w"“"ul sikeslip faults have horicontal oftscis
: exhibit slump structures, and some megabieccias contain limestone blocks emplaccment of diori .wu:, teontact metamorphic cllects sesulting from the
b3 up 1o 100 fect long. The bulk of the sedimentary 1ocks in the Virgin Island wp toritic plutons arc extensive, the westein two thirds of $i
K Thomas and the southern third of St. John are essentially unmetamorphosed.
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WATER ISLAND FORMATION

CENERAL STATEMENT

The Water Island Formation of possible late Lower Cretaceous age
consists almost entirely of henlophyre. spilite, and radiolarian tufl. The ex-
posed thickness of this formation is 15,000 feet, based on projeciion of the
highest and lowest hoiizong A reasonable correction for leaticularity
might lower the tue thickuig j¢ éxposcd section 1o 8000 or 10,000 fect.
Water Island, in the hashee, ofMoue Amalie, Si. Thomas, has been
selected as the type locality because of the great variety of rock types there
and the general excellence of exposures, although excellent exposures crop
out extensively along the south shores of St. Thomas and St. John.

“Keratophyre™, as used here, is an extrusive or hypabyssal intrusive vol-
canic rock comsisting pmdlmnumly of albite and quariz, with chlorite,
micaceous minetals, and iron oxides. Nearly all of the Virgin Islands kerato-
phyrey contain considesable free quartz, commonly as conspncuons pheno-
crysts. Those with quartz phenocrysts could be called “quartz Lerato-
phyre” but many aphanitic rocks here called “kevatophyre” are chemically
identical 10 the so called “quariz heratophyres” and the slmplcsl termy'is pre-
ferred for all these rocks. A siriking feature of keratophyres is the absence of
phenocrysis (or pscudomorphs) of pyroxene, amphibole, and mica. Kerato-
phyric Bows and cr)sul wuffs are sodic, with a very low ponmnm content,
but some apparently vitric wffs are slightly more pousuc. Kculophpc in-
trusive rocks have a higher potassium content an ' conunonly contain see-
ondary monoclinic K feldspar.

“Spilite” is a greenish seemingly aliered extrusive or hypabyssal intrusive
1k, consisting of chlorite and albite, with variable amnounts of epidote,
prehnite, and calcite, Fresh phenocrysts of clinopyroxene are generally
present; amphibole and olivine were not scen in the Virgin Islands spilites.
Amygdules are abundant and commonly contain most of the calcium con-
tent of the rocks as epidote, calcite, or prehnite, with quartz and chlosite.
These spilites contain about the same amount of Na,0 us the augite
andesites of the Louisenjoj Formation, and about 0.5 per cent more than
Virgin Islands diabase dikes. Included with the spilites here is a partially
albitized augite andesite which occurs near the top of the formation.

The name spilite has been applied in the past to many diverse rock types,
some of which may be low-grade regionally metamorphosed andesites or
basalts. Other spilites appear to have been unusually hydrous mufic intru-
sive rocks, and many aie deuterically altered basalts or andesites. However,
theie is an impressive body of evidence that many so-called spilites. notably
certain Oidovician, Devonian, and Cretaceous geosynclinal spilites, have
characteristics which can be best explained by assuming an essentially mag-
matic arigin for these rocks. [t is to this latier group of rocks that the Water
Istand Formation spilites belong.

. . o ————y ——— PR -—.-—0\
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Such spilites may be thought of as yocks which have formed by albinga
tion of andesites. However, this process is believed to occur dining a late
stage in the solidification of a hydrous mafic magma and is not caused by
later metamorphism. Given a certain combination of physical and chemical
conditions, spilitization of mafic extrusive rocks is inevitable. Hence the
term, applied in an admittedly restrictive genetic (hence subjective) sense, is
4 welul one and should be retained. The anthor adiits that low grade
mctamor phism may obliterate the mincralogical criteria necessay for the
recognition of spilitization. Chemical analysis of a luge and cuclully
selected suite of specimens anight 1eveal whether or not the mctamorphic
tocks in question bad been originatly spiliized, bue sucdh anabysis might abo
l4il to do so, snl the term should be applicd with care w such vock suites

RLRA JOPHY RLES

Iutroductory statement. Kevatophyre comprises about four bl ol i
Water Island Formation. Most keratophyie oconrs as flows and flow bycccias,
with minor tnils, both aystalline and vinic (the Jatter always desitified) and,
rarely, volaanic bieccias. Kevatophyric intsusive 1ocks aie not vncommon,
they occur as both dikes and plugs, commonly with vary well developad
columnar jointing.

Ketatophytic Hlows e gencrally tens of fect in thickness Foew thick fows
are completely exposed from top to base; these which are well exposad e
striking only for their textaral uniformity. Baking and cnlling phenomen.
are absent. Flow banding, usually somewhat contorted, is seen Jocally (P13,
hy. 1). Contacts between flow umits mie commonly diflicult 1o ideotify as
such, and anitudes of the flows ac not abways enily ascartained.

One thick keratophyie flow near the base of the section, on Ram Hewd,
St. John, shows good hicld and peuographic evidence of vertical diffcientia-
tion. The flow is about 165 fect thick, and near the center is vedidish giay,
grading to grecnish gray downward and upwand. Penographic dhiferences will
e discussed Later. ‘The color change observed in the held woukd appea
10 beackated 10 a differential degice of oxidation of iron within the flow,
which is probably 1clated 1o 1cdative concentration of volariles in the flow
center during cooling.

Keratophyre flow bicicias, otcuniing as disuiete bads, e probably moie
common than flows in the kerwtophyre sequence but are difficult to dis-
tinguish fiom flows. The manix of the flow breccias can hequentdy be
distinguished from the fragments only by careful scintiny of the oute 1op; the
patina of weatharing which covers most keratophyies cifcctively obscures
the fine details necessary to 1ecognize these rocks. Fragments in flow breccias
are subangular 10 subronnded. The matrix is almost identical to the frag:
ments in polished section; however, the matrix weathers more vapidly, and
in outcrop a flow breccia will appear 10ugher in gross texture than a flow.
A few flow Lreccias comist of both kertophyre and spilite fragments. One
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such occurvence (sample GSJ-2, near the west end of Great St. James Island)
is a 100-foot-thick bed of keratophyre and spilite rubble with a few lime.
stonc fragments set in an apparemily igneous matrix. The minor recrysialliza-
tion of the limestone suggests a low temperature of extrusion. No conglomer-
ates were identified within the Water Island Formation, although many
flow breccias have rounded ag apgular fragments and, when weathered,
reseinble conglomerates. ¢ ARy (sanple ST-274, Lisenlund, St
Thomas) woull undoubieg 5ld a conglomerate by most ficld geol-
ogists, but unweathered ap hund a short distance eastward along
the suike show the igncous matrix very clearly.

Tulfs and volcanic breccias form minor but distinct units in the forma.
ton. Tufls (grain size less than 32 mm) are much more common than
breccias and occur as beds only | or 2 fect in thickness. None of the tuil
units could be demonsirated to have a horizontal extent greater than about
half a mile. Grading is visible in the i beds, although this grading is
cominonly interrupicd by diasteins representing the action of water currents
on the sca bottom. Slump siructurcs, generally in the form of contorted
bedding, ase unconumon. Many tuff beds are silicilied, alithongh the original
pyroclastic groundmass is recognizable in thin section. Apparently the origin-
ally vitric groundmass of many tuffs has aliered to fine-grained mica minerals;
muscovite is the mast widespread, and celadonite and stilpnomelane have
been recognized.

One ol the best exposures of a keratophyre breccia is on the cast shoic of
Lawmeshur Bay, St. John (sample §J-7). Here a bed several tens of feet thick
consists of angular fragments of keratophyre a few mm to 5 cm in a reddish,
hematitic mawix (Pl. 4, ig. 4). The hematitic matrix contrasts with the
more neutral colors of most other keratophyre flows and tuffs in which
hematite is generally subordinate to magnetite.

Dikes and shallow plutons of keratophyre accur throughout the forma:
tion, but are most conspicuous in the hills southwest of Charlotie Amalic,
St. Thomas (llaypiece Hill, Grambokola Hill, Sara Hill, Cabritaberg), in
the vicinity of Nazarcth Bay, St. Thomas, and in the vicinity of Hoffman and
Mui. Zion, St. Thomas. (Mt Zion itself, however, is underlain by another
type of intrusive 1ack.) These bodies commonly exhibit columniyr jointing
perpendicular to the cooling surface. and examination of the joints pro-
vides a means of reconstructing the shape of the intrusive body.

The hills around the Submarine Base on St. Thowmas (Cabritaberg, Giam-
bokola, Haypiece, and Sara hills) are underlain by one or iwo intrusive bodies
known collectively as the Submarine Base Pluton. The accompanying map
and sections (Fig. 3) show that the form of the intrusive body is irregular.
The pattern of joints around Haypiece Hill strongly suggests the pwesence
of an intrusive funncl beneath this hill. The joint paticrn bencath castein
Sara Hill, on the other hand, would appear to suggest that the floor of the
intrusive body is subborizoutal, inegular, and shallowly dipping hese.
The intrusive extrusive contact near a probable vent at the southera end of

T. W. DONNLLLY—SI. 1IIOMAS AND SI. JUUN, U S VIKGIN IS1 ANDS H

FI{.unl»ol.ola Hill is moderately sieep. On Cabnitaberg Hill the colunmn
Joins are ucaly hotizontal or shallowly dipping 1oward the southern cnd
of the intrusive Lody, but are nemly venical approximately 300 dect nosth
of the sothern contact. An outcrop of extrusive rock, evildenily ocaning
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just underneath the intrusive body, can be seen along the shore just south
of the Caribbean Hotel. Ilaie the intrusive body was probably fed through
a steep conduit at iy southcrn end, and spread notthward s o roughly
conformable sheet. It is not known whether or not this intrusive body
connects with the other onc at shiallow depth.

The accurrence of intrusive ketatophyre in moderately ke bodics 1o
ward the top of the section may seflect a subtle upwind change in hithology
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wure optics), and rare biotitic mica und a mafic mi:lc(al. which has alt‘ercd
completely to a fine grained, very red subs(an.cc. This could'be'cuher
iddingsite, bowlingite, or somie other clay mlflcrnl or combination of
minerals. The glass fragments have dilluse outlines and could be sha‘nls.
In no case, however, has the degree of preservation tevealed the ot.uhncs
of the original glass ragmenia The appearance of these beds in tln'n sec-
tion is very similar 1o the mxk\'hriﬁed tulfaccous beds loun.d in ex-
plosive thyolitic suites, but (_l'it explosive origin is not established by
penographic evidence.

SIRATIGRAFIINC VARIATIONS

The Water Istand Foumation is 1cmarkably uniform, consisting thiough-
out of about one fifth spilitc and the remainder keratophyre. ‘The lower por-
tion of the formation, seen best at Ram Head, St. John, and on Clc'at St
Jumes Lsland, consists dominantly of thick lculophy‘re flows with inter-
calated spilites. Breccias and pyroclastic rocks are minor a.nd form only
very thin units with a limited lateral extent. The upper portion of the for-
mation, scen best in the vicinity of Charlotte Amalie, St. Thomas, and on
Water Island itself dillers principally in the greater percentage ol pyroclastic
units. Around the intiusive bodies of Haypicce Hill, Grambokola Hill, al!(l
Cabritaberg, the lormation is dominantly p)'tocluuic', with only a few thin
keratophyric flows. On Flag Hill, statigraphically slilgh.lIY. lower than l'hcse
pyroclastic 1ocks, a strikingly thick pyroclastic unit is intercalated in a
dominamly flow sequence. No mineralogical distinctions between the Jower
and upper postions of the formation can be seen except that near'thc top
of the formation there is one occurrence of oligoclase and albite with
high-temperature optics, and theie are three occurrences of albite \V'i"l
optics which deviate significantly from the low-temperature state and which
have been called quasi low-temperature optics (Donnelly, 1963).

ENVIRONMENT

The most striking feature of the Water Island Formation is llne.corpplc(c
absence of terrigenous sediment: the entire exposed thickness consists of
volcanic rocks only slightly reworked locally by water. The second impor-
1ant feature of this unit is that most of the volcanic rocks, except for the
uppermost 5 per cent of the formation, are flows. The pyioclastic rocks
themselves consist entirely of relatively equant, angular fragmems, and
shards or puiniccous fragments are not seen. ‘The quicscent eruption of
appatently hydiated magmas must indicate that these magmas  weic
erupted under a confining pressure of superincuinbent sea water approxi-
mately cquisalcut to that of the deep-sca bottom, which is sufficient to prc-
vent the explosive expansion of a magmatic gas phase. Hydrated magmas
erupted in this environment will experience separation of volatiles if the
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partial pressure of these volatiles exceeds that of the sea water (about 500
atm at 15,000 fect). The expansion of these volatiles, however, will be in the
order of a [ew times, not many thousand times, as would be the case if the
magmas were erupted subaerially or in shallow water. Abyssal pyrockstic
rocks will not be formed by explosion but by relatively quict expansion ol
volatiles and sudden chilling by sea water. Dispersal of pyroclastic hagienis
will probably be effccted by slow-moving bottom cunents, o1 convective
currents initiated by the release of heat into the sea water. The absence ol
terrigenous sedimentary 1ocks indicates that there were no emcrgent islands
which could have served as the somce of weathered denivus. Slomyp
structures or other evidences of deposition on slopes are present but are
not abundant; in contrast, near the top of the fonmation theie are several
suiking occuimences of evenly luyered pyroclastic keratophyie with no bad
ding distimbances. Evidently this formation acannulated not only in abys

sal depths but also on rather Hat sea bottom. The appearance of slightly

morc explosive eruptives only at the very top of the Formation shows that the
sca bottom may have been subsiding during the gicater pat of the ac
cumulation but that subsidence was not rapid enough o maintain a con-
stant water level at the eruptive center of the accumulated solcanic deposit
Alicrnatively, regional uplift near the end of Water Island time conld hind
been responsible for the appaicat shallowing of watar

VIRGIN ISLAND GROUP

LOUISENHOJ FORMATION

Introductory statement. Unconformably overlying  the Water  Bland
Formation and cropping out on about half the land iaca of St. Thomas and
St. John is the Louiscnhoj (106 & can hoi) Formation, named for excellent
exposuics in roid cuts in the vidinity of Lonisenhoj, just north of Clinlotte
Amalie, St. Thomas. [Vhis thick scquence is predominantly angite andesite
And varies in moile ol deposition from pyroclastic 1o epiclistic. The masi-
mum apparent thickness taversed is about 13,000 feet, but a yeasonable
correction for lenticubarity might seduce this compned thickness by a thind
or more. Cleve (1871) called this 1ock type “Blue Beach” and ihis sune has
pasisticd: all of the natives of the Vigin Blands e Lanilian with “Bla
Bitch™ or “Blue Mir”

The formation is thickest and almost entirely pytoclastic (locally revorked
tuft beds are considered essentially pyroclastic) in western St Thomas. In
castern St "L homas the fTonmation is much thinner (3000 fect) and iy com
posed almost entively of cowmse slumped and reworked pyroclastic debiis,
probably oviginating from w smuall subactial cone. In western St John the
formation is thicker (7000 fect minimum) amd consists pradominantdy of
comse cone debnis. Figuie 6 shows aninterpretation of the conditions which
resulted in this disuibution of 1ock types and thicknesses, Evidence for the
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postulated Pillsbury Sound eruptive center is based on the coarsencss of
volcanic ejecta in nearby western Si. John and eastean St. Thomas, on the
presence in Pillsbury Sound of a dioritic pluton, and on the necesity of
finding the nearest 1casonable source for the lithic {raments in the Louisen-
loj Formation of western St. Thouas. In western St Thonws (15 miles lrow
the presumicd crupiive center) occasional angular blocks 6 inches in diam-
eter are found in the ash beds, which themselves 1ange fiom fine tulf 10
fragments about | inch long,
The coarse cone debris is most stiiking in western St John and costern
St. Thomas. In westan St Johm 4-foot blocks of what must have been
subaciially deposited ash Irom the slopes of the cones e found miscd in
coarse conglomeratic beds. Neav Mandal in eastern St Thawas Luge {rag
ments of what may have been a subaerial andesite flow ate scen in brecdias
of debris croded from the cone. At oune locality hagments of low up 1o 2
fect Jong rest in a mabix of finer material. Many of these hagments bioke
*oapart just prior to cessation ol tronsport, and their broken outlines can be
matched in outcrop. This is the only probable flow matesisl identificd in
thisformation.
At the type locality the formation consists dowinantly of beds of camse
andesitic tuff which, like most of the wif seen. was apparently water-Lid.
The beds are typically 6-12 feet thick and have fan grading with the coarsest
material (rarely coarser than about 3 inches; o few blodks to 3 foot) nea the
base. These beds commonly show Laminar shemping (Figs. 7, 8). The most
striking featuse of this slumping is the abundance of “pull aparts™ and
the lrequent interiuptions and aesersals ol the grading. This Limina
slutmiping is a very characteristic {catute of the Lovivenhoj Formation and
apparently formed as follows: an ash fall was deposited underwater (Fig 74)
on a slope and developed fair grading, interrupted oceasionally by a Lage
angular block which depressed the bedding below it “The fine ash on top
becaine colicsive more rapidly than did (he comser ash below. The less
cohesive, coarser material below slumped (Fig. 7B), carrying on it and en-
veloping within it fragments ol the more cohesive, hnergrained material
above. The flow was racely rapid enough to become tubulent; the pulled
apart beds have nearly all actained an orientation paratlel to the bedding.
During this process of slump the grading lost its original arrangement, and
the coarsest wmaterial is commonly found somewhat above the base of the
unit. Additional evidence for depusition on a slope is the nearly ubignitous
slump structures scen in fine-grained toifs in the fosmation,
Purcly pyroclastic beds are not always easily distingublicd from tnll beds
which have slumped and fiom beds which have been maote or less reworked
by water currents. Comser pyroclastic rocks usually exhibit ithe fiagmem
angularity, the uniformity of lithologics, and the apparently igncons
matrix which one associates with ash deposits, whereas finer ash beds 1o
semble volcanic wacke. The over-all aspect ol this lormation suggests aciial
transport and subaqucous deposition of pyroclastic debris. Transporca:
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Cabes Point Conglomerate lithofacics. Near the base of the formation
in the vicinity of Cruz Bay, St. Joln, and Cabes Point, Pearson Gardens,
and Bunker Dill, St. Thomas, conglomerates are interbedded with andcsi-
tic pyroclastic and epiclastic vocks. These conglomerates consist almost
cntirely of well rounded keratophyre cobbles and pebbles derived from the
underlying Water Island Formation. At Cruz Bay, however, these conglom-
erates are more or less mingd with sndesitic debris, suggesting that sub-
actial erasion of the cone‘téispnis and that of the underlying keratophyte
beds were simulianeous. MW Point the conglomerate is composed of
wellrounded and faitly welsosted keratophyic and spilite cobbles and
pebbles. These conglomerate beds appear to have been deposited in
shallow watcr, and were not products of wbidity-current deposition. They
ate well sorted, ate not graded, and have relatively little matrix. Their
presence indicates subacrial erosion, transpoit, and deposition of older
rocks duting early Louisenhoj time.

Water Island-louisenhoj contact. There are few places where the
contdct between the Water bland and Lovisenhoj Formations is well
exposed. In St. John there is one excellent exposure of the contact along
the west shore of Monte Bay. and there are poor exposurcs at Klcin
Bay. The cxposue on Monte Bay shows a conglometate of the Louisenhoj
overlying a spilite bed. The spilite is quite fresh at the contact, and the over-
lying conglomcerate contains a wide assortment of Water Island lithologics
including, however, very few rocks identifiable with the underlying spilite.
At Calvary Bay, St. John, there is an exposme of a conglomerate of the
Louisenhoj Formation oveslying keratophyre.

On St. ‘Thomas the contact itself is poorly exposed, but an extensive cx-
posurc of Louisenhoj beds above the contact at the headlands between
Brewer's Bay and the airport is of great interest because of the extent of
apparently contemporaneous weathering displayed here. The Louiscnhoj
beds here consist dominantly of subaerially, varicolored andesitic ash inter-
bedded with conglomeratic Water Island deuitus. Some of the ash units
are brick red and consist solely of albite, hematite, and a little illite (X-ray
diffraction). The albitized plagioclase phenocrysts evidently withstood the
weathering alnost perlectly, but the entire malic part of the rock has been
converted to oxide. Other units consist of varicolored fragments ranging from
deep red 1o green, evidently reflecting differential susceptibility to weather-
ing. Still other units consist of greenish or grayish fragments in a uniformly
puiplish matrix. The basal subacrially weathered unit is less than 100 fect
thick and was found at only this one locality. The color of the beds somewhat
resembles that of the weathered hydrothermally altered rocks (discussed in
a following section), but the latter grade into whitish unweathered rock
within a few lect of the sutface and are mineralogically quite distinct. The
extent of this weathering is completely unlike any recent weathering of any
rock types in these islands and undoubtedly reficcts weathering contemnpora-
ncous with original depasition.
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Another occurrence of contemporancous weathering is poorly exposed i
Wintberg Hill, St. Thomas. The poor natural esposuies, which e ol
lightly metamorphosed rock, weie originally thought to be ot hydiothe
mally altered rock. However, 1ccent (1963) excavations lor voad construction
revealed the originally weathered natuire of these roiks,

Mineralogy of mafic fragments. The prindipal mincials lounmd it
fragments are plagioclase, clinopyroaene, chlosite, and punpellyue, and abo
matrix and opaque wmincrals.

T I
NANS LOLLIK FM O
| O
TUTU FM. o

O

OUTER BRASS LS.

i
Q
| © ® O
o)

LOUISENHOU FM.

O
lMony O
O Somples O

Spilitized Augite Andesite

Many WATER ISLAND FM.

Somples

LD | OCR00
.fr\
O,
- |
|
: |
!
|
x
|
l
I

Ang Ano0 An a0 Ango
O LT ond QLT (Donnelly, 1963) optics
. HT optics

Angg Ani00
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PLAGIOCLASE: Most phenocrysts of the Louisenhoj andesites are labradorite,
about An,, (Fig. 10). Near the base of the formation many pyroclistic vocks
contain a distinctly more calcic plagiodlase (Ang; to about Anyz). Some of
these pyroclastic rocks contain both bytownitic and labradoritic fragments,
but a few contain only bytownitic (or anorthitic) fragments. The feldspars are
sharply euhedral and slightly zoned. They show abundant simple twinning
and some albite twinning. Groundmass plagioclases and plagiodases in the
matrix of coarse pyroclastic rocks arc very finegrained and cloudy. Many
are distinctly more sodic than the phenocrysts and range in caldinm contem
down 10 Any, . In many lapilli wilfs, the only feldspar found is albite (Ang)s
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(uluposili;m ol the more siliccous ditfeientiates. ‘The cxpcnmcnl: ol Yl:’lc:
and Tilley (1962) show clearly that at water pressures greater than a u
1000 bars, material of basaliic composition should be convericd to a mix-
ture of hurnblende and plagioclase at subliquidus temperatures. {u the
temperature rises the material will begin to mcl(', with ‘chc P'l:.'ffoc.l“el
being consumed fust. The first liquids prf)du.ccd will be highly fe uc..u.n;
siliccous. ‘The compositionad ye of liquids ploducu.l at successively
higher temperatines has sl ,»_t.imemally determined, hm' a con::l-
parisen with the anawj " . g in anhydrous causr(gcn.:lul'lonm.
basalt) suggests that horabiédnd ‘ Ialtf the place of diopside as |4.
dominant mafic phase being consumed during the greater pant o‘l llu.: n:c' t
ing. The hydious liquid might, therefore, 'bc fnor? enriched in Si l'un
would comparable liquids coexisting with diopside in the aulnydto,us‘ casc.
‘The extent to which residual hornblende might control the compasition of
the Jiquids will not be easily evaluated unu! these lnomblcm.lcs can be
collected and analyzed, but this consideration might prove to be pivoial. |
The quantity of keratophyric magmas generalc«? is pcrln'aps l'ﬁc only
seally scrious objection to the hypothesis of‘ gencration ol. this entire st;nc
from the upper mantle. The quantity of siliceous socks is tfnlmou;n'.h ut
geological inference (exposed arca of .Wa(cr .lsl;md Fom.muo'n. which is
about 80 per cent keratophyre) combined with geaphysical lnlorm.auo'n
(seismic refraction and gravity) suggest that the ‘\'ﬂltl: Island Form:mo.n is
a prism about 5 km thick, extending pethaps 40 km in an east-west dnrkcc-
tion, but quite possibly thinning to the east, and extending perhaps 20 km
in & nosth south direction. This volume—4000 cu km, or 3200, cu km of
Leratophyie —is probably a wmaximum, because pf:saiblc lhi.nmng to the
cast and 10 the south was ignored in the calculation. I fusion of 10 per
cent of the upper mantle might yield a ke.rn.loplnyric li‘qui(l. then !2.00|0
o bm ol upper mamle were fused during this igneous episode. I! the depth
of fusion was 10 ki and the cast-west horizontal extent of fusion .40 l:m,
then the horizontal dimension of the fused zone in a northsowh dlrc.cnou
must have been 80 bin. These figuies may be off by an order of m;ngi,umle
or mwote, but they emphasize one problem: the gcncr.:uion !IC!C of siliceous
magma fiom the upper mantle may require the partial lus'lon o!‘ more ma-
terial than can directly underlie the vent, unless llle’[unon cuemlcd. to
great depth. The explanation for this seeming pfr;ulox is as lollows: l.)l::cmg
the orogenic process compression and lllll.:ktl:"ng of hydrated Caribbean
crust and upper mantle carricd this material into the orogen ‘lrom a con-
siderable distance perpendicular to the axis of dcptcss.lon.. The omgc:nc
magmatic process then can be compared to a mill to which is fed lu"s:‘l. VY-
iated upper mantle, and from which two products, magina and malic re-
siduum, are removed. the first tnough ascent and cruption and the scco_nd
thiongh goadual displacement downward and ?\'cmu;ully I:m:mlly: The
wmount of keratophyie erapied might hive 1cquired lateral shortening of
about 80 kv in this area. The yuantity of siliccous igncous ro.(k scen heic
Is lar in excess of any that has been recorded in similar orogenic zoncs, and
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the Virgin Islands may be an extieme example of 4 process which has o
curred to a lesser extent in many places at many times. Cleatly our know)
edge of the cotmposition of upper mantle is 100 lmited at this time 1o assess
this problem furiher.

The writer (Donnelly, 1964) also pointed out that the gencration of a
sccond, sirengthless phase (aqueous, or hydiated silicate melt) during
orogenic thickening would have profound structural implications. The
volume in which this phase was generated would become  essentially
strengthless, and the structural process would be expedred to change liom
a reladively inild thickening 1o a more violent movement along an exten-
sive shear. The consequences of this movement would be (hag the island
platform would be raised to an emergent level, and possibly an ajoining
occanic iench would be formed. “Ihe cllect on the gencration of igneous
melts would be that the rate of depression of mantle material (and the
rate of heating) should be increased greatly. After this profound structural
episode, the gencration of magma will be relatively rapid, and the propor-
tion of mafic to lelsic magma high. The restriction of abundant siliceous
magmas to the carly stages of orogenic evolution is consistent with this
idea.

In conclusion, the following points scem well established: (1) Two types
of chemically uniform magmas were generated throughowt the span of
geologic history of these islands. (2) Theie has been interacion of erupted
magmas with the environment in the case of alkali exchange in extrusive
keratophyres. Other possible exchanges have not bLeen established, except
that a few samples of highly mctamorphosed keratophyres have been i
poverished in alkalics. (3) The siliccous NLIBNIAS Tepresent Loty (Q-Ab Oy
melts derived by partial fusion in a dominantly sodic environment, and nost
probably, in an environment with considerable calcium. The later behasjor
of this presumed calcinm remains one of the important anomalies. This
Parent material, for diverse reasons indluding geophysical and chemical evi
dence, is considered 10 be upper inantle. (4) The mafic magmas are chemi
cally similar to so-called high-alumina basalis typical of orogenic regions
genarally. The high magnesium of the spilites resulis from its generation
from a material largely depleted in iron by abstraction of keratophyre. (5)
The increase in aluminum with time and the higher notmadive AbL/Q ratio
of the later quartz-andesine porphyries of the second group may indicate
generation at increasing depth with time. (6) Crystal seuling and assimila.
tion of wall rock were probably of litle importance in the gencration o
differentiation of this suite.

SUMMARY OF GEOLOGIC AND TECTONIC HISTORY
OF THE NORTHERN VIRGIN ISILANDS

The tectonic evalntion of 1he Pucrio Rico -Virgin Llonls aiea by
1eady been discussed by the writer (Donnelly, 1964). The lollowing account
summarizing the geologic history of the noithern Virgin Llands elucidates
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and has been treared in mote detail by Melbsle
Virgin Islands. A date of Middle Vocene wear (e top ol the Tartola Foyp,.
tion (which includes the Hans Lol Formation, called by Hebley o
wmember, in the Bricis, islands) establishes he 4ge ob the upper pant of dhe
Vigin Islands Gioup. The Luge batholith i the Buitish islandsy int e,

the Torolt Formation and s apparently comtemporaneons winl, the
fossiliterous Necker Formation.
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The probiem of the gencration of the
that of the stuctnal evolution of the aic. The generation of all of he
magmas is considered 1o have occmired as a resuly of (he more or less pan-
tial fusion of hydrated hpper mantle material, identica) (o that presemly
lound bencath the Catibbean Sea dephs Letween 5 and 15 o 20 ki
below the sea floor. The Lirge volume of silice
lesser extent, the volume of Jater mufic 1ocks, tequises the fusion of upper
mantle over a hotizontal extent considerably greater than the present di
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tion for the vohune of magma crapted is thae horizongal MOvements tian,
ported adjacent, unfused mantle into the orogen, w
heated, pastially fused, and then irs refractory
downward and laterally.

The evolution of this Poition of the West Indices js basically the 1Esponse
of juxtaposed, physicatly contrasting plates of ¢t and upper mantle 10
an applied horizontal force. Failuie along the join between these plates
resulted in thickening and downwaiping in the initia) stages (Water Liland
time), followed by compressive failue, the lorm
fault system, and rapid uplift, which formed an emergent island platfonm
(Louiscnlloj time) and, most probably, an u(ljoining oceinic tiendh Fuyihe
application of compressive forces cansed furiher thickening and continuel
emergence of the island platform. There iy no evidence in the Virgin
Islands that submergence of uny magnitude ever occunad afier Waney
Island time. Magma was generated by the partial fusion of hydiated appes
mantle; the Propartion of siliccous and niafic agmas ot any time yeflecrs
the rate of deformation and thevate of temperatue ise.
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‘See fuotnore 2, Page 140,
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of the canth's island arcs. This arca has never been blanketed with the
thick tertigenous scdiments which have modificd and later guided the
structural evolution of most ocrogenic segions; it represents instead the
direct intcraction of oceanic caust and orogenic lorces. The (ailure of these
socks 10 have been metamorphoscd and their subsequent exhumation ifl a
ncarly pristine condition are pgebably the result of a lucky geological
sccident—the developinens "G;Wﬁumivc strikeslip Fault system south of
the island platform along wiikihiwdre resolved the bulk of the po:blion.cn.c
deformative forces. Within the fslumd platfoim, the dominant tectonic
forces have been ditferential vertical movements cased by thickening
depth. Although none of the structural or petrologic cunclusionf derived
liom this study can necessarily be applicd 1o any other spccl.ﬁc arca,
nevertheless certain observations cannot fail 10 raise scrious questions con-
cerning long standing geological hypotheses which have not been seriously
questioned in 1ecent years.
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By

Heriberto Torres-Sierra and Rafael Dacosta

INTRODUCTION

w~water use data (withdrawal
and return amounts) has alwavs
been the most difficult element
tre define in the Thvdrologic
cvele. The need to <determine
the amount of water used to meet
public, commercial and Jomestic

needs among other uses is
@ssential where the available
supply 1is 1inadequate. In St.
Thomas, U.S. Virgin Islands,

where streamflow cccurs mostly
during periods ot intense
rainstorms and ground-water
rescurces are limited (Jordan
and Cosner, 1973), water-use
information is critical.

In 1983, the U.S. Geolog-

ical Survey, Water Resources
Division, in cooperation with
the Water Resources Research

Institute of the College of the
Virgin Islands, began a general-
ized inventory of water use in
St. Thomas.

St. Thomas is located about
20 miles east of Puerto Rico
(fig. 1). The island‘'s popula-
tion increased from 16,000 in
1960 to more than 47,300 in

1984, paralleled with an in-

crease AR water production to
, de. 4

meet CQMET public water-supply

demand s 2).

) water demands have
increased also in response to
tourism development. Although
the production of water increas-
ed with the installation of a
large-scale seawater <desalina-
tion plant by the Covernment cf
the U.S. Virgin 1islands, the
demand has not beern satisfied.

N

U.S. GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

‘nlv ipout .} rcercsnt .r the
water croducea 15 accounted Ior,
mostiv  lJue to iosses trom
ieakage in the distribution
svstem instalied in 1949 (Priede
Sedgwick, Inc., 1979). ther
losses are J‘ue t©o> unauthorized
connections, Jaulty meters, and
uncontrolled public faucets
(fig. 3).

WATER SOURCES AND USES

The principal sources and
uses of water in St. Thomas are
shown in zIig. 4. Seawater,
rainfall collected from residen=-
tial roof-top catchments, and
ground water are the main water
sources in the island. Thermo-
electric-power generation, pub-
lic-water supply, and domestic
and commercial self-supply are
the principal uses.

Seawater is used indirectly
as the source of condenser-cool-
ing water by the Virgin Islands
Water and Power Authority (WAPA).
The waste heat from the Island
thermoelectric facility (fig.
Sa) 1is used by the seawater-de-
calination plant (fig. Sb).
Desalinated water from storage
tanks (fig. 5c¢) 1is distributed
to the urban areas in Charlotte
Amalie (fig. 5d), by the Virgin
Islands Public Works Department
(VIPWD). Areas outside the
public-water supply distribution
svstem, such as the Donoe
housing project at New, (fig.
5e) can be classified as self-
supplied <users. These obtain
their water supply from raintall
catchments, wells, or from com-
mercial water haulers (fig. 5f).

Olée
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The main vurban area of
Charlotte Amalie is also served
by a seawater svstem. This
svstem supplies water for fire
fighting and flushing of toilets
and open drains. Areas outside
the seawater system depend on
"gray water' (wastewater from
other household uses) as their
source of water for flushing
toilets or irrigation. Where
aquifers vield significant water
to wells (10 gal/min or more)
these are also tapped as a
source of water, even if saline,
as feed <for Teverse OSmOSis
units or for flushing.

Bottled water produced
locally or imported is an
important drinking water source.
Bottled water costs approximate-
ly $1.25 per gallon. In 1979
importation of bottled water was

estimated at 1,600 gal/d (Peebles,

1979). There are no reliable
figures for current imports.

Public-Water Supply

Production of desalinated
water during the study period
averaged 2.4 million gallons per
day (Mgal/d). Only about 0.9
Mgal/d (38 percent) was accounted
(revenues from sales) by the
VIPWD. About 1.5 Mgal/d was
unaccounted for as previously
indicated. A recent investiga-
tion showed that leakage in the
distribution system represents
30 to 40 percent of the total
losses (CH2M 'Hill Southeast,
1983).

The production of desalina-
ted water for public supply
increased to a peak of about 2.4
Mgal/d in 1975, declining
thereafter to less than 0.6
Mgal/d in 1980. Since 1981,
WAPA has installed three new
desalination units with a total
rated capacity of 3.1 Mgal/d.
At present only two units are
being operated. Full production
capsacity will be required vhem
the East End Transmission System
becomes operational (fig. 6).
This distribution system was
constructed in 1977 but has not
been utilized.

Water pumped to the
seawater distribution-system
averages 1.0 Mgal/d. Only about
0.35 Mgal/d of this amount 1s
accounted for at the public
sevage treatment plant serving
Charlotte Amalie. The remainder
may be lost through leaks in the
seawater-distribution system.

o7°00" . , 99°00"

However, -arious storm drains in
Charlotte Amalie are
continuously flushed to the
ocean by taps from the seawater-
distribution system. Discharge
from two of these taps were
measured and had an average flow
of 0.08 Mgal/d each., Five of
these taps would account for s
of the unaccounted flow..

The cost of potable water
to WAPA rrom the desallnation
units is  about $9.00 per
thousand gallons (59.00/kgal).
This does not include amortiza-
tion costs of the desalination
units (Ajayi and Gdomez, 1983).
The actual costs <charged by
VIPWD to consumers connected to
the distribution system is

$l4/kgal (VIPWD personal communi-

cation, :984).

Thermoelectric-Power Generation

Thermcelectric-Power Gene-
ration is cthe largest single
water use category in St.
Thomas. Total use was about 67
Mgal/d. This was essentially
seavater, except about one
percent freshwater obtained
directly from the desalination
plant for boiler feed.

Domestic Self-Supplied - Raintall

About two-thirds of the
population in St. Thomas is not
served by the potable public
water supply distribution
system, and thus classified as
domestic self-supplied. Rain-
vater collected from rooftop
catchment systems and stored in
cisterns, and withdrawals from
ground water are the sources for
domestic self-supply. Estimated
vater use for this category was
about 0.75 Mgal/d. Of this
amount, 0.60 Mgal/d (80 percent)
was supplied from rainfall.
This indicates that rooftop
catchments are a major source of
wvater for most private homes
especially in the more humid
areas of the island (fig. 7).

Virgin Islands law requires
all dwellings, apartments and
hotels to have a minimum cistern
storage of 10 gallons for each
square foot of roof area for one
story buildings, and 15 gallons
for each square foot of roof
area for two or wmore story
buildings. All other buildings
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are reguired to have cisterns
with a minimum useable capacity
of 4% gallons per square foot of
roof area except churches and
warehouses, which are not
required to conform to this
standard (Jordan and Cosner,
1973). A comparison of yields
ber-reaen rooftop-rainfall catch-
o at a high rainfall (Doro-~
thh_, and at a low rainfall area
(Red Hook), was made using data
from July 1983 to June 1984.
The comparison was made for a
family of four using 25 gallons
per capita per day (25 gpcd}
with a roof area of 1,000 ft
and an initially full cistern
(10,000 gal). The family would
have required the services of a
water hauler only once 1f they
lived in the Dorothea area, and
twice {f they lived in the Red
Hook area. Rainfall could have
supplied about 50 percemt of the
total water needs in the Dorothea
area, but only 31 percent at Red
Hook.

The cost of water produced
by household roof-top cistern
systems 1is estimated at $17 to
$19/kgal (CH2M Hill Southeast,
1983). The wmajor cost 1is
associated with construction of
a cistern,

Domestic Self-Suppiled -
Ground Water

Ground water withdrawn for
domestic self-supplied use was
about 0.15 Mgal/d. Ground-water
withdrawals by the Virgin
I- 'ds Housing Authority (VIHA)
w :stimated at 0.10 Mgal/d.
An~"additional 0.05 Mgal/d was
used by other domestic self-
supplied users.

Ground water for domestic
use is available in nearly all
parts of the island. There are
only a few areas where yields to
wells are large enough to warrant
the development of public
supplies. In their atudy,
Jordan and Cosner divided the
island into five ground-water
areas according to their poten-

ang waler quaiity oI these areas
are limited by excessive depth
to water, Bseawater intrusiom,
waste-wvater contamination, and
contamination from seavater
mains.

Commercial Seir-Supplied

Condominiums and hotels
used about 2,0 Mgal/d of saline
wvater. This is used principally
for cooling, flushing toilets,
and swimming pools. Small
desalination plants produce
about 0.) Mgal/d freshwater.

About 0.2 Mgal/d of the
commercial water-use 1s ground
water. This is used mostly for
flushing toilets. In some
areas, where the ground water is
of good quality, the waste water
is used for irrigation of lawms
(Mahogany Run). However, most
of the commercial facilities are
located near the coast and pump
saline-ground water.

Water haulers supplied an
estimated 0.07 Mgal/d of desalin-

ated water from the VIPWD
standpipes to commercial users.
The average price of water

delivered by water haulers 1s
$55/kgal (Ajayl and Gomez-Gimez,
1983). An estimated amount of
0.05 Mgal/d was obtained from
rooftop rainfall catchments.

Public Waste-Water Treatment

There are seven public
waste-water treatment facilities
in St. Thomas (fig. 9). The
airport plant, serving Charlotte
Amalie, discharges about 0.5
Mgal/d to the ocean. Instantan-
eous flow rates measured in June
1984 ranged from 0.16 to 1.4
Mgal/d (fig. 10). Specific
conductance measurements indica-
ted that about 70 percent of the
effluent was seawater.

The other six waste-water
treatment plants serve wmostly
public~housing projects. These
discharge about 0.20 Mgal/d to
streans and the ocean.

tial vyield and water quality
(fig. 8). The potential vield
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COASTAL LAND AND WATER USE PLAN
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— UNITED STATES ENVIRONMENTAL PROTECTION AGeNCY

oare: JAN 06 1088 REGION Ii

Preliminary Assessment and Confirmation of Authorization of
CERCLA Removal Action Monies for the TUTU Well Site, Anna's
~ Retreat, Saint Thomas, U.S. Virgin Islands - ACTION MEMORANDUM

FROM:
Carlos E. O'Neill 93 "
On-Scene Coordinator 7 3 “‘FV\)

\e
Stephen D. Luftig, Director
Emergency and Remedial Response Division

N

c JECT:

TO:

THRU: George H., Zachos, Acting Chief
Response and Prevention Branch

I. EXECUTIVE SUMMARY

—_— Oon July 15, 1987, Mr. Allan Smith, Commissioner of the
Department of Planning and Natural Resources (DPNR), U.S.
virgin Islands, verbally requested that the U.,S. Environmental
Protection Agency (EPA) provide analytical support in the
sampling of one well which was reported to exhibit a strong
unpleasant odor. This well is a major source of commercially
provided potable water supply for the eastern portion of st.
Thomas. The well is located on the eastern part of the island
in the Tutu Section of Anna's Retreat./ This verbal request
was followed by an additional request for EPA to assume the
role of Lead Agency after sampling results indicated that
several commercial wells were found to be contaminated with
hazardous substances. This verbal request was followed by a
formal request in writing by DPNR on August 10, 1987.

In July and August of 1987, EPA confirmed by sampling and
analysis, the contamination of groundwater with volatile
organic compounds. A major contaminant in the groundwater is
tetrachloroethylene (TCE)., The EPA 10-Day Health Advisory
Level of 175 ppb was exceeded in three (3) of twenty four (24)
wells sampled, with two of the three contaminated wells being
private residential wells. Y The concentrations found ranged

—_ from 240 to 7,600 ppb with seven (7) additional wells being
below the EPA 10-Day Health Advisory, but above the U.S. Virgin
Island's interim maximum permissible concentration levels set
on September 1, 1987, by DPNR for volatile organics in drinking
water in the Turpentine Run Aquifer (50 ppb for a single com-
pound or 100 ppb for total volatile organic compounds). Three
of the previously mentioned seven wells were residential wells.

REGION || FORM 1320~1 (9/85) T ooy



This Action Memorandum will document funding authorized for
Phase T of the Tutu Well Site CERCLA Removal Action. Phase 1
addresses only residences having contaminated drinking water
wells with volatile organic compounds above levels established
by the U.S.V.I.'s interim maximum permissible concentration
levels for potable water, This action d4id4 not include wells
where water is used primarily for commercial, business,
industrial and/or trade purposes. It also did not include
wells contaminated solely by gasoline or gasoline by-products
which are not hazardous substances within the definition of
Section 101(14) of CERCLA. This action includes the decontam-
ination and cleaning of residential cisterns contaminated

by hazardous substances, the modification of plumbing, the
delivery of water by tank trucks as a temporary alternate water
supply, and a well water monitoring progranm., The total project
ceiling authorized for a 52-week period is $100,000 of which
$40,000 is estimated for mitigation contracting; $45,000 for
TAT's extramural costs; and $15,000 for EPA's intramural costs.

This memorandum will confirm your prior verbal authorization
of Trust Fund monies, issued to the Chief, Incident Response
and Prevention Section on September 1, 1987, to initiate the
removal action at the subject site, and subsequently revised
to the current project ceiling of $100,000.

Ix. BACKGROUND

A. Historical Information

A request for EPA analytical support for one well in the Tutu
Section of St. Thomas was made verbally on July 15, 1987 from
DPNR. On July 31, 1987, a verbal request for EPA to assunme
the role of Lead Agency was made, and this was followed bv a
written confirmation of the request, dated August 10, 1987
(received by the Emergency and Remedial Response Division on
August 19, 1987). The initial request was based on a report
that one well was reported to have a strong odor, characteris-
tic of a petroleum product. This well is a major source of
commercially provided potable water for.the eastern portion of
the island. ¥EPA's preliminary investigation commenced on July
21, 1987, with a field reconnaissance and sampling of this one
well and six jidditional wells identified in the immediate area.
Several of thgse wells are also major water suppliers of public
drinking wate¥'te the eastern part of the island.
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Laboratory results from this survey indicated that the initial
well was highly contaminated with gasoline and chlorinated
organics, and the additional six wells contained elevated
levels of chlorinated volatile organic compounds. Based on
these results, DPNR declared that an imminent health threat
existed, which could affect approximately 20,000 people living
in St, Thomas.

In addition, an indefinite number of tourists who vacation in
St. Thomas were at risk since these commercial wells supply
water to major hotels and restaurants. DPNR issued orders to
close these seven commercial wells to protect public health,

’JSubsequent to this action, EPA expanded their sampling plan
due to the threat of greater contamination to drinking water
wells in the area, EPA along with DPNR, identified other
wells within the Tutu Water/Turpentine Run Aquifer which may
be impacted by the hazardous substances identified to be pres-
ent in the groundwater. A second round of groundwater well
sampling took place on August 10 and 11, 1987, which included
a total of twenty-four (24) wells identified in the Tutu
Section of Anna's Retreat, All twenty=four wells were sampled
and analyzed for volatile organic compounds. PFollowing these
results, DPNR closed the five private wells which service two
three-family homes and one apartment building housing twelve
studio units. ’ .

B, Site setting/Description

The contaminated wells are located in the Tutu Section of
Anna's Retreat, St. Thomas, U.S. Virgin Islands. The five

(5) private wells recently ordered closed are located in the
Tutu residential area. At the present time, the affected

area is not serviced by any public water supply. EPA sampled
a total of twenty-four (24) wells in the Tutu area and found
five private wells and eight (8) commercial wells seriously
contaminated with up to 7,600 ppb of PCE. (See map attached).

C. OQuantity and Type of Substance Present

~{<‘.e¢ualyzo<l for suspected volatile organic com-
pounds on Juf .i and August 10, 1987. Listed below are the
maximum concefffations of the hazardous substances identified
in the drinking water wells:

EPA sampled




Maximum Statutory Source of
Concentration Hazardous Substances
Contaminant Found (ppb) under CERCLA

Tetrachloroethylene 7,600 Clean Water Act
. Section 307(a)

Trichloroethylene 61 Clean Water Act
Section 307(a)

Benzene 1,400 Clean Water Act
Section 307(a)

The results of the sampling are contained in Tables I and 1II.
PCE contamination ranged from non-detectable to seven thousand-
six hundred parts per billion (7,600 ppb). Sampling results
adequately document 3 wells with contamination above EPA's 175
ppb PCE 10-Day Health Advisory Level and eight (8) wells above
the DPNR's interim standards for maximum contaminant levels of
volatile organic compounds in drinking water.

III. THREAT

A. Threat of Public Exposure

Direct contact with PCE may cause eye and nose irritation

along with dry scaly and fissured dermatitis. Acute exposure
through absorption, inhalation or ingestion, may cause central
nervous system depression, hepatic injury and anesthetic death.
PCE has been found to be carcinogenic.

This is a case of actual contamination in excess of the EPA
175 ppb PCE 10-Day Health Advisory Level for a three-family
house and one apartment building housing twelve studio units.
In the other three family apartment dwellings, the well con-
tamination exceeded the interim DPNR drinking water standard
of 50 ppb for any single volatile organic constituent. 1In
addition to the exposure via consumption of the water, or
eating food prepared with this water, showering with water
contaminated with volatile organics can contaminate the air to
significantly unhealthy levels.



The location, direction and dimensions of the plume are af-
fected by variations in water table depth, rate of pumping

of the wells, duration and intensity of rainfall, and inter-
mittent releases of chemicals from one or more sources, all
of which are unknown at this time. Given the above variables
which affect contaminant strengths in any well within the
plume may vary randomly.

On September 2, 1987, DPNR issued three (3) orders to close
wells and issued two (2) advisory letters tc homeowners not to

use well water for drinking, bathing and washing.

B. Evidence of Extent of Release

Investigation, sampling and analyses by EPA have identified
contaminated groundwater, as described above, and containing
contaminateg, as described in Tables I and 1II.

C. Previous Actions to Abate Threat

No mitigative action was taken by any Potentially Responsible
Party prior to EPA's recent activities,.

D. Current Actions to Abate Threat

EPA has commenced an investigation of the Tutu Water/Turpentine
Run Aquifer by establishing a cooperative agreement with the
U.S. Geologic Survey to define the characteristics of this
aguifer and to determine the extent of contamination. EPA and
DPNR have also completed Agquifer and a2 monthly well monitoring
program is being developed.

DPNR has issued a total of ten (10) orders/advisories to well
owners to close sixteen (16) wells,

A local dry~-cleaner has been identified as using and storing
PCE. Handling, storage and disposal practices from this
facility are unknown at this time. DPNR has proposed to issue
an advisory to local dry cleaning establishments instructing
them to properly store and hold all waste for proper disposal
by an industrial waste hauler. VYDPNR with the assistance of EPA
is conducting an assessment of at least nine (9) facilities
identified to be potential sources of hazardous waste and/or
substance releases in the Tutu area.
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EPA has cleaned the homeowner's cisterns that have been contan-
inated by hazardous substances from the groundwater, modified
the existing home plumbing to terminate well connections, and
intends to continue to deliver clean water via tank trucks on a
regular basis, and establish a surveillance program for all
wells in the area by a monthly groundwater monitoring progranm.
This Phase I, short-term removal action will mitigate the threat
to public health by providing a temporary alternate source of
water for affected consumers.

Iv. ENFORCEMENT

The contaminant plume is generally believed by both DPNR and
EPA, to have its source from past and present improper handling
and disposal practices of organic solvents, possibly from dry
cleaners and auto repair shops operating in the area. This site
has been referred to the Site Compliance Branch for enforcement
action., An attorney and enforcement project officer have been
assigned to this case. EPA issued Request for Information
letters to all Potentially Responsible Parties,

V. PROPOSED PROJECT

A. Objective of the Phase I Removal Action

The primary objective of the Phase I of the removal action is
the mitigation of the threat to public health by providing a
safe potable water supply to the affected residences,

Two three-family homes and one apartment complex housing
twelve studio units were identified as being dependent on
groundwater from their own private wells. Their respective
wells were ordered closed-down by DPNR for exceeding interim
drinking water standards.

To reach the objective of providing a safe interim drinking
water supply and protect the health of the public at risk, the
following removal action was initiated. Water storage cisterns,
which received contaminated groundwater from affected wells,
were cleaned and sanitized, Cisterns were filled with clean,
safe, drinking water. Water tank trucks from local water haul-
ers will be providing water for the affected cisterns on a reg-
ular basis., Plumbing modification was made to disconnect water
lines from the contaminated wells which provide groundwater to
the cisterns.



An attempt to connect well water directly to toilets for flush-
ing will be made, if physically and economically feasible.

A well surveillance program will be implemented involving all
the wells in the Turpentine Run Aquifer, thru monthly sampling
and monitoring.

The longer term, Phase Il objective will require the provision
of a permanent alternate water supply in lieu of the temporary
trucking of water to the threatened consumers within the plume
area. Upon completion of an analysis of the alternatives for
permanent water supply to these residences, a recommendation
will be made for Phase I1I.

B. Project Estimated Costs

Water consumption per person per day on the average is thirty
(30) gallons., It is estimated that the one apartment building /-
has twelve studio units with the average of two people per unit,
The two other private homes are three-family dwellings with the
average of ten people in each, The cisterns in the three family
houses are small and, therefore, a supply of water must be deliv-
ered every two or three weeks, respectively. The delivery period
is currently estimated to be one year or when a permanent alter-
nate water supply can be provided, whichever occurs first.

PROJECT COST (PHASE I)

Cisterns Clean~Up:

Provide labor, material and equipment

including one vacuum truck, pressure water

spray guns, water tank truck, etc., to

drain and dispose contaminated water and

to clean and sanitize identified cisterns....... $13,000

Modification of plumbing including
Labor and Materials.ccececceccocsvsceccscessccesscceasoce $ 5,035

Refill cisterns with clean and safe drinking

water...".....l...ll..l..."..-..‘.'......‘...... s 2’665

Provide ﬁtitcrns with clean and safe drinking

water on regular basis according to a pre-

approved 'ch.dule.o.ooooocc'ooooooo--toon-o-.cou 515,000
ContingenCY (lo‘)..........l......'..'......'... s ‘IBOO

Total Mitigation COSBteeecscncesosscessocsssa $40,000

Lo a1 7



Extramural TAT Cost

TAT Monitoring and sampling program
(Including travel and per diem).,.,.ccoes0seseeses $35,000

TAT Technical and administrative
support (including travel and per diem).scseoee. $10,000

Total TAT Cost $45,000

Intramural EPA Cost

(Including travel and per diem).cccececcsssosesesea$15,000
ESTIMATED TOTAL PROJECT COST:.sesceseess$100,000

This figure represents the estimated total for Phase I. It
could be reduced significantly, if a reliable and permanent
alternate water supply is found sooner than the proposed
S2-weeks delivery period; might be increased, depending upon
the identification of new drinking water wells found to be
contaminated with hazardous substances within the affected
area,

C. Project Schedule

-~ Project initiation of cistern clean-up and safe water de-
livery has already been implemented based on verbal funding
authorization., Safe water delivery period is currently
estimated not to exceed one year or when a permanent alternate
water supply can be provided, whichever occurs first,

Ve RECOMMENDATIONS

Conditions at the Tutu Well Site meet the requirements of
Section 300.65 of the National Contingency Plan (NCP) for a
CERCLA/SARA removal action. EPA has determined that there is
a threat to public health at the site (Section 300.65(b)(1).
This determination was based on:

1) Husan exposure to unacceptably high levels of acutely
toxic substances (Section 300.65(b)(2)(i), and

2) Comtamination of drinking water supply (Section 300.65
(b)(2)(i1).

o DO
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The resident population at risk currently relies on private
“"well water as their source of potable water.

This removal action complies with Section 104(b)(2) of CERCLA,
as amended by SARA, in that it is consistent with the efficient
performance of long-term remedial measures, by providing an

interim supply of potable water to the public until a permanent
water supply can be secured.

This is a written confirmation of the initial and revised verbal
approval of up to $100,000 for the total project ceiling estab-
lished on September 1, 1987, by the Director of the Emergency
and Remedial Response Division to the 0SC for the CERCLA removal
action at the Tutu Well Site., The mitigation contracting ceil-
ing is estimated at $40,000, with an additional $45,000 for TAT
costs, and $15,000 for EPA costs,

Your authority to authorize these funds is pursuant to Deputy
Administrator Alvin Alm's memorandum of Delegation Number 14-1A
dated April 15, 1984, and Richard Dewling's Redelegation Order
R=-11-1200.6 of August 29, 1984.

- . 4 ‘\ )‘ l:l' b
APPROVAL: Q\%ﬂﬁ_ ./J /-"'77“1, DATE: //6 f c) J
¥ l "

DISAPPROVAL: DATE:

cc: (after approval is obtained)

C. Daggett, 2RA J. Marshall, 20BP

R. Salkie, 2ERR-DD P. Gelabert, 2CFO

S. Luftig, 2ERR R. Gherardi, 20PM-FIN

G. Zachos, 2ERR-=-RP T. Sullivan, PM-214F (EXPRESS MAIL)
B. Sprague, 2ERR-RP T. Fields, WH-548B

J. Czapor, 2ERRD-SC P. McKechnie, 216G

G. Pavliou, 2ERRD-NYCRA
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PHOTOVAC SAMPLING RESULTS

TUTU WELL sITE
87. THOMAS, U.S. VIRGIN ISLANDS
SANPLR SANPLE DATE DATE
LOCATION WUNBER SAMPLED ANALYZED SOURCE BEN TCT PCE T0L OCE GCHS
SNasssea —'sheS6S BSANSESS O0SS80SEE RusSSE 0SS ass 880 668 ves smae

HARTHNAN CRUSH 87-473 07/22/87 07/30/97 1% 0 7 108 ¢ 0.7.
HARTHNAN BAKERY 87-474 07/22/87 07/30/87 IV 0 0 3 ¢ 0.1
4 SINDS WILLE1 087-475 07/22/97 07/30/87 C¥ 7 19 € ¢ 0.7
4 VINOS VELLEl §7-47¢ 07/231/87 07/30/97 C¥ 7T 19 61 6 0.1,
ULLE? 87-477 09732/%7 07/30/87 C¥ 633 &8 200 4 3.7,
VIHA 87478 07/33/87 7/30/87 ¥ 1 9 ¥ ¢ 0.2
EGLIN 87479 07/22/87 07/30/87 C¥ 3 16 % ¢ 0.1
TILLee $7-480 07/22/87 07/30/87 C¥ €930 711 2040 492 2327 .1,
FIELD BLANK §7-481 02/22/87 07/30/87 MA 0 ¢ 0 ¢ 0.2
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SANPLE DATE
BUMBER SANPLED ANALYZED SOURCE BEN

r

WELL SAMPLING RESULTS
WU VELL SITE
8T. THOMAS, U.8. VIRGIN

DATE

ISLANDS

TC: PCE T0L DCE GCus

G060 GIANASE DARESESE GESESE S8 SES G8F G886 8&S ssEs
4 VINOS 61 001h  08/10/87 08/13/87 C¥ a a n 1 1.1
EGLIN WELL 01 002N  00/10/87 08/13/87 C¥ 6 11 3 0 6.7
EGLIN WELL €2 @034  08/10/87 88/1 /7 ¥ 0 13 4 0 7.1,
EGLIN WELL €3 004A  08/10/87 09/13/07 C¥ 0 16 8§72 0 66 .2,
HARTHNAN BAKERY 00SA  08/10/87 08/13/87 1V 6 o 3 0 1.9,
HARTHNAN CRUSH O006A  08/10/97 08/13/87 1V 0 3 3 ¢ 2.7
HARTHMAN ESTATE 0070  08/10/87 08/13/87 I8 o ¢ i1 0 0.7,
ROORIGUEZ AUTO OO0SA  08/10/87 08/13/97 1V o 0 1 06 0.1,
BRYAN 0094  08/10/87 08/33/87 CV o o0 o o0 o0.73.
ALPHA,LEONARD  010A  08/10/87 08/13/87 W o 0 1 0 0.3
SUITH,LUCITA 0114  08/10/87 00/13/87 W 0 17 120 1 8.7
DEVCON ¢3 0124  08/10/87 00/13/07 OV 6 o0 o0 o6 0.1
DEVCON ¢1 0134  08/10/87 08/13/07 C¥ 6 o ¢ o 0.9
ogot S14A  08/10/87 08/13/87 WA 6 ¢ o o0 o.T.
DEMITRI 0200  06/10/87 08/13/07 C8 6 ¢ 2 o 0.2
- VIHA UELL €3  021A  08/10/67 09/13/07 IV 6 ¢ o0 ¢ 7.9
VIHA WELL 61  022h  00/10/87 08/13/97 1¥ 0 3 10 1 12.%.
RANSEY 030A  08/10/87 08/13/87 IV ¢ o 7 o 1.9,
STIIL 0314  08/10/87 08/13/87 N 0 20 2% ¢ 6.2
— HARVEY 0324  00/10/87 08/13/87 N 0 617600 1 86.7.
NATHIAS 0334  00/10/87 08/13/87 N o ¢ & 1 9.7,
FRANCOLS 03aA  08/10/87 08/23/87 N -0 38 120 0 140 .9%.
DRUCH 0384  00/10/97 08/A/T N ¢ o 8 0 ’ .2
TILLEY 036A  08/10/07 08/13/87C¥ . 1300 O 240 8¢ §70 .7,
TILLE? DUP 0374  00/10/87 08/13/87 OO 1400 - 36 130 33 620 .3,
FIBLD BLANK - 040A  €8/10/87 08/13/87? WA ¢ ¢ ¢ 0 0.2

TABLE 11



i & Well Location Map:
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U. S. Geological Survey Caribbean District
Water Resources Division Open - File Report

A SURVEY OF THE WATER RESOURCES OF
ST. THOMAS, VIRGIN ISLANDS

UNITED STATES DEPARTMENT OF THE INTERIOR

IN COOPERATION WITH THE

GOVERNMENT OF THE VIRGIN ISLANDS OF THE UNITED STATES



ABSTRACT

St. Thomas, with an area of 32 square miles, is the second
largest of the Virgin Islands of the United States. The island is
mountainous, and slopes commonly exceed 35 degrees along a
central ridge 800 to 1,200 feet high running the length of the
island. The general appearance is a panorama of numerous steep
interstream spurs and rounded peaks.

The island is made up of rocks of Cretaceous age, mostly
volcanic flows and breccias. A thin limestone and tuffaceous
wacke complete the sequence of major rock types. All the rocks
have been tilted and dip about 50 degrees north.

Water in Charlotte Amalie, the capital, is supplied by
sea-water desalting and water barged from Puerto Rico and is
augmented by hillside rain catchments and individual roof catch-
ments. Rainwater augmented by water hauling and a few wells
is the source of water for the rural areas.

Streamflow is meager--2 to 8 percent of the annual rainfall--
and is predominantly storm runoff. Runoff after rainstorms seldom
exceeds 5 percent of the rainfall. Runoff is rapid, however, and
flash floods occasionally occur.

Test drilling has shown that water can be obtained from
fractured volcanic rocks in nearly all parts of the island. Wells
will yield, generally, less than 1,000 gpd (gallons perday). In
the upper Turpentine Run Valley and the Lovenlund Valley, short-
term yields of individual wells are as great as 100 gallons per minute.
Estimates of potential yield from these areas are 300,000 and
100,000 gpd, respectively. Two smaller areas--Long Bay and
Lindberg Bay on the outskirts of Charlotte Amalie have estimated
ground-water yields of 70,000 and 30,000 gpd, respectively. Fully
developed;, the surface- and ground-water resources of the island
could ytmd million gallons of water per day.

Ground water is slightly saline, commonly containing more
than 1,000 milligrams per liter dissolved solids. The principal
source of the minerals is bulk fallout of sea- and land-derived
dust from the atmosphere. Solution of minerals from the rocks of
the aquifers is the second largest contributor. Nitrate and some
of the bicarbonate content of the water is probably derived from
vegetation and animal and human wastes.

Surface water is similar in mineral content to ground water
during base flow.

.....
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A SURVEY CF THE WATER RESOURCES OF

ST. THOMAS,

VIRGIN

ISLANDS

by D. G. Jordan and O. ], Cosner

LOCATION AND GENERAL SETTING

Location

The Virgin Islands, forming part of the Antilles
Island Arch separating the Canbbean Sea from the
Atlantic Ocean, are about 1,400 miles southeast
of New York and almost 1,000 miles east southeast
of Miami., St. Thomas, the northwesternmost
island, lies about S0 miles east of Puerto Rico

(fig., 1).

St. Thomas is the second largest of the more
than 50 islands and cays constituting the Virgin
Islands of the United States. The island is
approximately 14 miles long and 2 to 3 miles
wide and has an area of 32 square miles.
within a few miles of the coast are nearly 40
smaller islands, ranging in area from slightly
less than a square mile to a few hundred square
feet.
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Figure 1.--Location of the Virgin Islands of the United States. .




Population

St. Thomas has about 17,000 permanent resi-
dents and a transient population of tounst and 1m-
ported laborers of about 8,000. The majonty of
the population 1s urban--about 20,000 people live
in Charlotte Amalie, the only city and also the
seat of government of the Virgin Islands. The
permanent population 1s 1ncreasing rapidly and is
expected to double by 1980 (unpublished data,
/.1. Planning Board, 1964).

Topography

The land surface is almost entirely sloping and
extends seaward from a central ridge, 800 to 1,200
feet high, running the length of the island. The
slopes, which commonly exceed 35 degrees, are
dissected by numerous stream courses of steep
jradient. The general appearance 1s a panorama
of steep interstream spurs and rounded peaks.
Flat land i1s confined to the Charlotte Amalie area
and a few small alluvial-filled embayments. The
only variation in the general topography is in the
upper valiley of Turpentine Run in eastern St.
Thomas. The valley has relatively gentle
topography consisting of rolling hills in a basin
surrounded by steep slopes and sharp ridges.

Land Cover and Use

At one time almost all the land, including that
characterized by steep slopes, was under cultiva-
tion, primarily for grazing or growing sugarcane or
cotton. Agriculture, however, has declined
almost to extinction. A few square miles of land
are still devoted to grazing in the eastern part of
the island, and about 10 acres are used for truck
gardening 1n the north central part. The remainder
has been allowed to revert to brush and secondary
forest.

Now, land use ia.chmnging rapidly, much of it
brought on by the jeiliige and its rapid mass trans-
portation. IncreasfiMf population, in part caused
by development of nd as a retirement haven
and by tourism, re®éi§#’'in more land being used
for urban and suburban development. The increase
in population not only makes new demands upon
the water supply, but also the changes in land use
could very well affect the available quantity and
quality of the water resources.

Climate

The average annual rainfall is about 45 inches
and the average temperature ts only 80°F, hut the
prevailing impression of the climate 1s one of
dryness, especially 1n the winter. This 1s espe-
cially true of the east end of the 1siland, where,
because of orographic effects, rainfall is only
about 80 percent of that elsewhere.

Rain 1s seasonal, nearly half falling between
August and November. February and March are
the driest months and September and October the
wettest. Most of the rain occurs as short,
intense showers lasting but a few minutes. Rains
exceeding 1 inch, with accompanying overcast,
cloudy skies, come but six or seven times a year.
Thus, there are few days when the sun does not
shine.

Although major rains are rare, their volume is
noteworthy. The greatest rainfall of record was
18.0 inches September 13-14, 1928, during a
hurricane., The last great rain in recent years
was 10.6 inches May 8, 1960, the result of a
stationary tropical depression.

The island lies in the path of hurricanes and
occasionally receives heavy rains and high winds
from passing storms. The incidence of direct hits
is low--damaging storms having a frequency of
about one every 33 years. The last hurricane to
cause extensive damage was in September 1928,

The direct rays of the sun are very hot, but air
temperature is modified by the almost constant
trade wind. Air temperature (table 1) ranges from
a mean low of 72 .0°F in February to a mean high
of 87 .8°F in August. The highest daily temper-
ature of record was 95°F and the low, 63°F.

The prevailing wind direction i1s from the east.
Northeast and southeast winds are relatively
common, but west winds are rare. Monthly
average wind velocity during 1953-58 at Harry S.
Truman Airport 1S given 1n table 1. A wind rose
for the same period is shown in figure 2.

Relative humidity is high owing to the proximity
of the sea. At Harry S. Truman Airport during
1953-58 relative humidity was highest, averaging
81 percent,in the early morning hours, and lowest,
averaging 66 percent, in the early afternoon.
Average daily humidity is given in table 1.
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EXPLANATION

ALLUVIUM - Silt, C|0E, ond thin, discontinuous beds of sand and gravel.
Inciudes beach sand. Estimoted maximum thickness S0 fi.

TUTU FORMATION - Tuffaceous conglomeratic mixture derived from older
rocks. Contains some limestone, especiolly near the 1op. Maximum thickness
greater than 6,000 f1.

OUTER BRASS LIMESTONE - Thin-bedded siliceous limestone and a few
thin beds of tuff Estimated moximum thickness 600 f1.

LOUISENHOJ FORMATION -Water-laid tuff, breccio, and a few thin beds
of limestone. Maximum thickness known 13,000 ft.

WATER ISLAND FORMATION -Lava flows, flow breccio, and water-laid
tuff intruded by dikes and plugs. Maximum thickness greater than 15,000 fi.

Contact

Inferred foult, dotted where concealed

Figure 3.--Geology of St. Thomas.




Geology

The general geology of St. Thomas (fig. 3) has
peen studied for many years, but only recently
have the geologic formations been named and
descnbed :n detail (Donnelly, 1960, 1966). The
names of geologic formations used in this report
are after Donnelly. The names have not been
adopted by the U.S. Geological Survey.

The volcanic and sedimentary rocks of St.
Thomas are of Cretaceous (and older?) age. The
oldest rocks, those of the Water Island Formation
of Donnelly {(1960) are predominantly lava flows
and flow breccias deposited at great depth on the
sea floor. Uplift and subareal erosion followed
deposition.

The Louisenhoj Formation overlying the Water
Island Formation was extruded from a volcanic
center probably sited in what 1s now Pillsbury
Sound between St. Thomas and St. John. Near the
presumed location of the volcanic orifice the rocks
are mostly very coarse reworked cone debris.
Farther from the orifice, coarse material lessens
and tuffs predominate. Near the base of the
Louisenhoj Formation 1S a conglomerate composed
chiefly of rock from the Water [siand Formation.

The Quter Brass Limestone was deposited on the
flanks of the Louisenhoj volcanic cone during a
period of volcanic quiescence. It consists of 200
to 600 feet of thin-bedded graphitic stlicified
radioclarian limestone and a small amount of
included tuffaceous material.

The Tutu Formation, the youngest rock exposed
on St. Thomas proper,is composed almost entirely
of angular debns derived from the Louisenhoj
Formation and minor limestone debris from thin
limestone deposited contemporanecusly with the
Tutu Formaton.

The rocks were subsequently tilted to form a
northward-dippang homociine. Dips range from 15
to 90 degrees and avesrage about 50 degrees.
Locally the formaumu overturned.

The permeable #omes that these rocks once may
have had after deposition have been destroyed by
metamorphism or by deposition of minerals in pore
spaces. Ground-water movement is now limited
to operungs along joints and fault zones. The
homoclinal structure is cut by sets of faults trend-
ing N 45°W, N S55°E and north. Three well-
defined joint sets parallel each of the major fault

directions. The valleys of the 1sland have
similar trends and are apparently the result of
selective erosion of rock weakened by faulting
and jointing. Prime zones of ground-water
availability, therefore, follow the valleys.

Small alluvial deposits ranging from
Pleistocene (?) to Holocene 1n age lie 1n the
valley of Turpentine Run 1n east-central St.
Thomas and the larger coastal embayments.

The alluvium of Turpentine Run lies in a narrow
band seldom more than 200 feet in width along the
stream. Maximum thickness of the alluvium 1s
about 40 feet., Most of this alluvium, which 1s
composed of silt, fine sand, and clay and contains
discontinuous beds of sand and gravel 2 to 3 feet
thick, lies in the Mt. Zion-Tutu area of the upper
basin and in the narrow valley from Mariendal to
Mangrove Lagoon in the lower basin. The
alluvium extends out under the lagoon near the
mouth of Turpentine Run. Although composed pre~
dominately of fine-grained material, the alluvium
readily infiltrates streamflow when the ground-
water level is below the base of the stream. As
such, the alluvium forms a readily rechargeable
aquifer, although it is of small extent and yield.

Some coastal embayments headed by intermit-
tant streams contain small deposits of alluvium
similar to that of Turpentine Run. Maximum
thickness of these deposits 1s estimated to be 50
feet, and their areal extent seldom 1s greater than
a few acres (an exception being the Long Bay and
Airport areas near Charlotte Amalie)., Near the
sea, the alluvium interfingers with calcareous
sand and at times contains lenses of mangrove-
swamp deposits. Therefore, the deposits are of
minor significance as sources of water.

QCCURRENCE AND MOVEMENT OF WATER

Water moves through a cyclic pattern--the
hydrologic cycle--in which there are three storage
areas: the sea, the land, and the atmosphere.
On the land, surface water and ground water
depend on: (1) the amount, intensity, and areal
extent of the rainstorms: (2) the slope of the
land; (3) the moisture content of the soil and
vegetal cover: {4) the infiltration capacity of
the soil and underlying rocks: and (5) the size,



number, and interconnection of openings in the
aquifer.

Rainfall

Rain 1s the only natural source of fresn water
to replenisnh the water resources of the 1sland.

Rainfall 1s seasonal, with the rainy season in
late summer and early fall and a secondary wet
season usually in May. lleariy half the rain falls
during August-November { f{1g. 4}). Rains exceed-
ing 1 inch in 24 hours come six or seven uumes a
year. Four to 15 inches of rain falls in a 48-hour
period about once every 2 years in large storms.
These ralns can occur 1n any month but are more
likely during the nurricane season ( August-
November). About half the time annual raintall 1s
petween 40 and 50 inches (fig. 3). Lass than 10
percent of the time annual rainfall 1s less than 33
inches, which usually means a major deficiency
during the normal wet season and drought.

The cumulative departure from average and the
10-year running average of rainfall shown in figure
6 shows that at this time of writing (1967 ) the
1sland may be entering a period of deficient rain-
fall. With the exception of a few years in the late
1940's and early 1950's, rainfall in the past 30
years has been below average., There has been a
long-term decline of about 10 inches 1n annual
rainfall since the peak of the surplus rainfall
period in the early 1930's. The most severe
droughts of record occurred in 1964 and 1967,
when but 27 and 24 inches of rain fell, respec-
tively.

~real distnbution of long-term rainfall, shown
in figure 7 (see letter "a "), s controlled by topo-
graphy and the prevailing easterly to northeasterly
winds., However, i1ndividual storms may or may
not show the effects nf orographic control or pre-
vailing winds and the areal distribution of the
storms can be very irreqgular (fig. 7 --letters "b"
to “f"), L
s

The soil zone over most of St. Thomas 1s not
more than 1 foot thick. Where of sufficient thick-
ness i1t has, however, the unique property cf
absorbing large volumes of water--as much as 12
inches 1n 24 hours (R. Scott, SCS, oral commun.,

»

1963). EIxamination of the soil zone wnen ary
shows 1t to be coarsely granuiar, owing to clump-
ing of clay and silt partucles. Froiongea satura-
tion 1S necessary petore the granules break down.
As a result, the soil nas a nign permeaoility until
well saturated, but, once saturated, 1t becomes
coorly permeable and retains 'wvater in tne pore
spaces between rarticles and rejects any excess.

D oservaticns Quring rainstorms indicate tnat
the typical soil zone will absorb about 2 incnes
of water pefore some water 1S rejected or moves
to the underlying pedrock. fully saturated, tne
soil will probably retain 3 :nches ot water per tcot
of depth.

Tre capacity of the soil to hold large volumes
of water, together with infrequent major rainstorms
and a high evapotranspiration rate, seriously
reduces grouna-water recharge and storm runoif.

Evapotranspiration

Most of the water trapped in the soil zone
returns to the atmosphere by evaporation or tran-
spiration by plants (evapotranspiration). On St.
Thomas this process i1s active throughout the year,
and 90 to 95 percent of the rainfall 1s returned to
the atmosphere. The tendecy of the soil to granu-
late 1s also conducive to evaporation. s water
1s evaporated from the surface cf a saturated tight
soil, the soil again becomes granular and exposes
the soi1l at depth to the circulation of air. Con-
sequently, further rapid evaporation of soil
molsture resuits.

Transpiration 1s a major means of water loss
from the soil zone and also from the upper part of
the aquifer, i1f the water table 1s near the land
surface. Grasses and shallow-rooted plants can
transpire water only from the upper few feet of the
soil zone, but many kinds of trees, such as deep-
rooted false tamarind, transpire water from depths
of more than 20 feet.

The effects of evapotranspiration may be seen
1n the channel of Bonne Resolution Gut below the
gaging station. The gut flows 1n a predominantly
bedrock channel a few feet wide for about 1,500
feet before reaching the alluviated embayment at
Dorothea Bay. Base flow of the stream, ‘when less
than 10,000 gpd (gallons per day), disappears tn
this reach. The loss is attributed principally to
transpiration by the dense growth of brush and
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{a) average annual

(d) Moy 9-13, 1963

(b) March 25-26, 1963

(e) August 28-29, 1963

k) April 7-8, 1963
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(f) December 10-13, 1965

Figure 7.--lsohyetals in inches of the long-term distribution of rainfall (a)

and of individual rainstorms (b-f) on St. Thomas.




trees bordering the stream. ~Srom tne anpearance
of the vegetation i1n a dry period, only the vegeta-
— tion 1n a strip about 100 feet wide with a total area
of about 3 acres benefits from the stream. =
mimimum water loss of 10,000 gpd, 2.6 million
;allons annually, would indicate an evapouwansoi-

ration rate of 1.2 million zallons cer acre ser year,
2r 44 1ncnes.,

Bowden (1968 ) computed monthly potential
evaporauon ana soil-moisture deficiency at six
stauons on St. Crolx using the method cevised by
. 'N.Thornthwaite. Potenual evaporation ranged
from 58 to 69 inches and averaged 62 inches per
vear. Actual evapotranspiration (derived from
potential evapotranspiration and change in soil
molsture) ranged from 41 to 46 1nches and averaged
43 inches per year. Bowden's data shows a soll-
moisture deficiency 9 to 11 months of the year at
the different stations. Surplus soil moisture
occurred only 1n the months of Septemper to
November. The authors believe that condituions
are similar in St, Thomas.

Streamflow

The S to 10 percent of rainfall not returned to
the atmosphere by evapotranspiration from the soil
zone either recharges the ground-water reservoir
or runs off to the sea. Annual runoff in a ume of
average rainfall ranges from about 2 to 8 percent
of the rainfall.

Most stream channels on St. Thomas are dry and
carry only storm runoff. Only two streams on the
island have perennial reaches. I[n these reaches,
about one-half to three-fourths of the flow 1s storm
runoff, and the remainder is base flow (ground-
water outflow to the streams).

From 0.5 to 2 inches of water annually reaches
the sea as storm runoff. The amount of storm run-
off varies from basin to basin, depending upon
topography, soil motiggure, exposure, and vegeta-
tion., Base flow of Wi streams with perenmal
reaches, while oftliji Sifial in volume to storm run-
off, seldom reac g.sead. The flow usually
infiltrates into alld deposits in the lower
reaches of the streams.

Ground Water

From 0.5 incn to as much as S inches of the

10
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rainfall annually nfiltrates the so:l and rocks

to reach the ground-water reservoir. ‘Aater 1n
the ground-water reservolr or aquifer moves by
gravity toward the sea. ‘‘Vhere the water tadle
1s intercepted by the land surface, water :s dis-
charged as a spring or as zase tlow tc a stream.
'Vhere it .5 near the land surface, sucn as along
stream cnannels and :n coastal embavments,
large volumes of water are transpirea by plants
whose roots tap the ground-water reservoir., he
transpiration by plants directly rom the water
table 's so great that only minute gquantities of
jround water ever reach tnhe sea, vitner as stream-
flow or as seepage directly tnrougn the so.l and
rocks.

‘resh- Salt-Water [nterface

Tresh water :n the aquifers 2alonc tne £oast is
in contact 'vith salt water in & dvnamic s5tem.
So long as water levels grade seawarc, fresh
water will discharge to the sea at the snore.
During times of ground-water recharge, the fresh-
water lens thickens, displacing the underlying,
heavier, salt water downward and seaward. Dur-
ing times of no recharge, the fresh-water lens
thins, as ground water discharges to sea. Salt
water, which moves into the normally fresh zcone
>f water during times of no recharge, 1s not
entirely flushed out by fresh water when recharge
occurs. Some remains behind, where it mixes
with influxing fresh water. The interface zone of
brackish water 1s thick where fluctuations in the
size of the fresh-water lens are large.

In some coastal areas, where the fresh-water
lens 1s thin because of lack of rainfall or unfavor-
able topographic or geologic tactors, the under-
lying interface zone may extend inland several
hundred feet at depths of but a few feet below
the water table.

The balance between salt water and fresh water
1n coastal aquifers is delicate and can easily be
disrupted by man's quest for water, >Salt-water
encroachment can readily result by removing more
water from the fresh-water lens than i1s being
replaced by recharge or by pumping a well at an
excessive rate, in which case the fresh-water
head 15 lowered, and movement of salt water
upward or horizontally into the fresh-water zone
15 1nduced.



"“WATER SCURCES

Fresn water has always been in critical supply
.n St. Thomas. Rain collected cn roofs anc stored
1n cisterns i1s still the source of water for most
rural and urnan domestic supplies. Zefore 1960
nillside rain catchments ang a few dug wells wvere
the major source of water ‘or punlic sucpiies.
3ince then, Zdesaited water nas necome tne major
source of water for public supplies, 2nd water
zarged from Pyerto Rico .5 a close seconc.

Charlotte imalie

Charlotte Amalie nas a cual public water system,
Fresh water 1s used for drinking and general nouse-
hold needs, and salt water 1s used for sanitary and
{lre-control purposes. The fresh-water sugply,
Obtained from salt-water distillation piants, null-
side rain catchments, and a well, 1s supplemented
oy water barged from Puerto Rico. Potable water
use and the sources of the water 1n figure 8 not
only show the increasing demand for water but also
the shift in sources of the water. In the late
1950's, with the exception of 1957, a drought
year, catchments were the major source of water,
Barged water became the major source of supply in
the early 1960's, but by the late 1960's, desalted
water became the principal source of supply.

Nearly all buildinas, both private and public,
in Charlotte Amalie have roof catchments and
cisterns. [n 1926, before the establishment of a
public water system, about 200 private and 17
public dug wells were 1n use 1n the urban area.
Since then most of the wells have been abandoned
because of sewage and salt-water contamination.
Some of the salty water was drawn 1nto the wells
from the sea as a result of overpumping, and some
of 1t entered the wells from leaky salt-water pipes.
A few of the wells are still pumped occasionally
for nondrinking domestic supplies and for construc-
tion purposes. In recent years, wells have peen
dug in eastern Charig Amalie for a supplemental
wrater supply for the W& public-housing projects.
Several other wells,Jigye been dug 1n the same
;eneral area forw pr nondrinking domestic
Jse,

Since 1926, 18 public hillside rain catchments
nave been constructed. Cf these, 14 are con-
nected to the urban water-distribution system.

11

“Water :s hauled from the remarning four catcn-
ments by i1ndividual users or by water haulers.

The total area of the public catchments 15 esti-
Tated to e ¢4 acres, and the storage :s estimated
to be 14 miilion gallons. Reliable figures are not
available on the amount of water used from any of
the catcnments, but total yield 15 estimated to be
30,000 gpd. In addition to the public catchments,
four privately owned catchments are in the urhan
area.

A gallery well at the airport was an important
source of water 1n the 1950's. It reportedly
vi1elded 13,000 gpd. 2n attempt to :ncrease pro-
duction resulted in sailt-water encroachment,
ruining the well as a source of potable water.

in 1962 the first desalting plant, with a capa-
z1ty of 250,000 gpd, was put 1nto production. [n
1966 a plant of 1 million gpd was put 1nto produc-
tion, and, by 1967, the start was madeona 2.5
million gpd desalting plant.

The demand for water has increased six-fold
since 1960 and shows little indication of leveling
off. In 1962 and again in 1966, when desalting
plants were put on line, water demand increased
almost overnight to absorb the increase in produc-
tion. Water barging, considered a stopgap
measure, has had to be continued to meet the
demand.

The desalting plants reportedly will produce
water at an average cost of about $1.00 per 1,000
jallons when operating at maximum efficiency.

The cost of barged water from Puerto Rico depends
upon equipment used, but in 1967 averaged about
33.50 per 1,000 gallons. Water 1s sold to the
consumer at a cost of S0 cents per ton, about $2.00
per 1,000 aali~rns., The difference between pro-
duction cost and delivery cost 1s absorbed by the
*irgin Isiands Government.

Rural St. Thomas

Rooftop catchments and cistems are still the
~ajor source of water for rural St. Thomas. Dur-
.ng prolonged dry periods, rain water 1s supple-
~anted by water hauled from public-supply points
.n Charlotte Amalie. Small pords have been con-
structed, tapping storm runoff for irngation water
“or truck gardeming and drinking water for stock.
Since 1962 several private wells have been drilled



Thservauons indicate “hat wind velocity ana
roof ccnfiguration are major factors in the recovery
=f rainfall from residential structures. =igh wind
w11l blow rain off a3 pitched roof onented rarailel
to the wind, whereas a rain shadow in croporticn
to the degree of roof pitch will occur on the lee
side 2f a roof onented perpendicular to the wind.
~ Y-snaped roof will be affected in the same
manner, :zithougn probably to a lesser degree. The
most etilcient 1s probably a flat rocof with a low lip
:rounc tne edge, Vater cannot blow oif the rcof.
N0r 1S a rain snadow created, and the lip converts
"rne roof into a temporary storage container during
nign-intens:ty ramns, Rainfall recovery on flat
rD0fS S probably greater than that measured frcm
the nillside catchments, whereas recovery on oitch
r20ts :s grobably 10 to 20 percent less, cepending
on crientation and steepness of pitcn.

Figure 25 shows an estimate of the annual costs
of collecting rainwater and of cistern storage for
3 small home. Cistern cost, amortized over a 20~
year period at 5 percent per year (interest COsts
rotincluded), :s estimated to range from 33,00
per cunic foot for 10 percent storage to $2.50 per
Zubic foot for 100 percent storage of the total
annual recovered rainfall. Rainfall recovery was

2sumatea o0 ne 70 ocercent cf an annual ra:nfall

>f 40 incnes over 1,000 square feet of roof, [e-~
covery unaer these conditions would vield 48 3Jpd.
't was assumed that water loss due to :nsufficient
storage would pe mace up Dy water furcnased from
water haulers at costs of 10, 20, or 30 dollars per
1,000 gallons. The fiqure shows that, using
these critena, the optimum cistern storage would
De about 20 percent of expected annual recovery,
or about 3.5 gallons per square foot of catchment,
~verage yield from rainfall alone would be about
<10 gpd. Annual water cost would range from 5130
t0 3196 annually, or 57 .45 per 1,000 gallons to
511.20 per 1,000 gallons. Annual cost of 100
oercent cistern storage would be 3234 or 316,80
czer 1,000 gallons.

Ground W ater

Ground water 1s available 1n nearly all parts
of the 1sland in sufficient quantity to be of impor-
tance to the water supply. !n general, yields of
wells are sufficient only for individual domestic
supplies. There are, however, 3 few areas
where yilelds to wells are large enough to warrant
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CISTERN STORAGE, IN PERCENT OF TOTAL CATCH
Figure 25.--Annual cost of water from a roof catchment of 1,000 square feet with
a maximum vield of 48 gallons per day.
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Tabie =.--3>Caie I

salues [or aetermining jrouna-water potenual from physical
criteria ana exampiles tor selected wells

RainfaiL

Topograpny j Txposure Drainage area Potential
) ! Long term
Inches { alue Yalue | Yalue Lores Yalue ! Sum of values yxefé, 3pd
1 ) Crest of ' North or south
<40 ;0 ridge 3 | slope 0 <100 1 4 or less <500
i
'} South siope 1
s Generat ;
10~ ! - 5= -
0 '4: 1 slope 1 | North slope 2 101-200 2 5-6 500-1,000
'l Central Sheitered
- valley on|
45- ) - - -
5-50 : 2 general 2 interior 2 201-300 4 7-8 1,000-5,000
f slope valley
T Large i
' valley on|
0 ' 3 - - -
>5 i alluvial 3 301-400 [ 9-10 $,000-10,000
l tlat
! H
; > 400 8 11 or greater 10,000 +
Examples
Well 3 2 2 2 1 7 1,000-5,000
Well 10 1 1 1 1 4 s00.
Well 22 1 2 2 2 7 1,000-5,000
Well 20 1 3 2 [ 12 10,000
Well 16 1 4 2 6 13 10,000
32
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the development of public supplies for local use.
The water, as a vhole, 1s of poor guality, belng
slightly mineralized, but can still be considered
cotaple. [* zan oe blended witn cistern water,
vielding a mived 'water of more acceptable pota-
cility. Housenolders wno nave wells generally
grefer a dual system, using the well water for
washing, lawn waterin;, »-2 samtary curposes and
r3in water or Arinxin; ing

A v
Tosan

9.

aroung-Aater rotential

Tha cronnd-owater potential Lf an 3rea canan
large part be determined by .ne aver- ~ “~nual
raintall, topograpny, and exposur: to sclarratia-
ton. {n general, areas receiving l-ss tnan =y
.nches of rainfall have 3 low ground-water czten-
t1al. The southern slcpes o5 the island, . nere,
because of solar radiation, =vapotranspiration 1s
nigh and recharge 1s low, generally have less
gJround-water potential and yield more nighly min-
eralized water than the north slopes. Topograohy
1S itmportant \n thar - the flatter slopes ground-
water recharge 1s favored.

A crude scale based on rainfall, topography,
exposure, and drainage-basin 3rea was developed
for esumating ground-water potential of the rocks
of the 1sland (table 4). The different features are
assigned vclues ranging from U to 8. The sum of
these values 1s a number from which an estimate
of the lonc-term vield of a 'well can be obtained.

A deep well will Senerally 1eld more water than a
shallow well 1n the same location. For the
purpose of the scale, a well depth of about 200
feet 1s assumed with the water level 1n the well at
50 feet below land surface. Little water 1s yielded
from depths of more than 200 feet below the water
table.

[t 1s emphasized that even though conditions
appear favorable for.obtaining a yround-water
supply, there 1s 3la@ys o possibility no water will
be obtained as a Wil may not penetrate water-
bearing strata. -

Water 1n Consolidated Rocks

The permeable zones ot tne consolid-ted rocks
consist of open joints and fractures. Near the
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land surface the joints are open--the result of
veathering and release of pressure. Joint open-
ings, however, narrow rapidly with depth, and
senerally at depths of a3 few nundred feet they are
too narrow to transmit s:gnificant quantities of
water.

All the bedrock formations are oroken v faults--
iractures aleng which movement nis taken clace.
[n some faults, earth movement has crushed tre
rock to gravel-size pbreccia, whereas 1 cthers the
rock has oeen reduced to a3 flourlike suwnstance
called fault gouge. 3recciated fault zcnes not
sealed by mineral deposits or iault souse carn pe
very permeable and often extend to depths of
hundreds of {eet.

The orientation of many of the valleys i1na bays
2videntl, 1s controlled by a fault and joint system
along which erosion has occurred. ‘alleys,
inerefore, are often indicators ot zones of an
extensive jointing or fractunng system that may
contain ground water.

The yield to ~ells dnilled 1n the bedrock 1s
small--generally less than 1,000 gpd. Many
wells will vield 5 to 10 gpm (gallons per minute!
for about 10 hours. After that they vield at @ much
reduced rate as a result of removal of water from
storage in the immediate vicinity of the well,
Once water 1n local storage is removed, the vield
to the well is reduced to the general y:ield of the
aquifer. For example, well 17 near Wintberg re-
portedly yielded 12 gpm (17,000 gpd) for a 24-
hour pumping period when first drilled. However,
almost daily use over the past 5 years has shown
that the long-term yield of the well is about 250
jallons per day.

The consolidated rocks are permeable as a
result of interconnected open fractures along
joints and fauits, which tend to be linear. How-
ever, permeability may vary sigmificantly along a
lineation.

One example of possible linear permeanility is
the north-south fault 1n eastern Charlotte ~nmalie.
Permeability, as determined from pumping tests
of wells, ranged from about 1 to 9 gpd per fe?
(gallons per day per square foot) east and west of
the fault. [mmediately along the fault zone 1n the
vicinity of the race track, however, permeability
ranged from about 70 to 150 gpd per ft¢. South-
ward along the fault permeability was 1 gpd per ft2 .



The effective porosity, or storage capacity, of
the consolidated rock also is related to open inter-
connected fractures and joints. CEffective porosity
in the upper Turpentine Run basin is estimated to
be 4 percent based upon changes in the ground-
water level in response to rainfall, Effective
porosity of the rocks in most of the island is esti-
mated to be 1 percent or less.

Water in Unconsolidated Rock

Water-bearing unconsolidated deposits are
present only in Turpentine Run Valley and in coastal
embayments., These deposits consist of two dif-
ferent lithologic types, which have a variety of
water-bearing characteristics. They can be divided
into (1) a bouldery siit and clay alluvium, which
contains lenses and beds of sand and gravel, and
(2) beach deposits, predominantly coral sand and
occasional interbedded zones of coral, beach rock,
and organic silt and clay. In the coastal embay-
ments, alluvial and beach deposits may interfinger.

The alluvial deposits are predominantly fine
grained, and, although they have a high porosity,
they have a low permeability and witll yield water
only slowly to wells., Water in these deposits is
with few exceptions under water-table conditions.
Sand and gravel beds and lenses in the alluvium
are rare. Where present, however, they will yield
water readily and act as a large collector system
{into which water from the less permeable alluvium
will percolate. Occasionally the water in the sand
and gravel beds is under artesian pressure because
they are confined by the less permeable overlying
alluvium.

The beach deposits, principally medium to
coarse coral sand, have a moderate to high per-
meability and porosity and will yield water readily
to wells. The moderate to high permeability of the
beach deposits is often detrimental in that salt-
water encroachment can easily occur.

under water-table condiiiiisas~-that 1s, the water
surface is unconfined, open tc the atmosphere, and
free to rise and fall. Sufficient data are not avail-
able to show contours of the surface of the water
table throughout the island. In general, the water
table roughly parallels the topography. The depth
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to the water table is a few feet below land surface
in the coastal embayments but may be as much as
120 feet below land surface near the crest of the
central ridge.

The water table responds to changes in the
quantity cf water stored 1n the ground-water reser-
voirs. The water table nses when recharge from
rainfall or streamflow exceeds the discharge; it
declines when discharge to spnings, streams, or
the sea, evapotranspiration from the water table,
and withdrawal of water from wells exceed recharge.

Water-table fluctuations

The hydrograph of well 1 in figure 26 is typical
of the water-level fluctuations in the rock aquifer
of the south coast. Recharge follows the infre-
quent heavy rainstorm or smaller storms in a wet
period. The overall low storage capacity of the
rock causes a rapid rise in water levels, but the
steep hydraulic gradients result in rapid losses
and almost as rapid declines.

Figure 27 is the hydrograph of well 24 tapping
the alluvium and weathered bedrock in the lower
Turpentine Run Valley, and figure 28 is the hydro~
graph of well 21 in the alluvium of the upper basin,
Recharge i3 received every time storm water runs
off in the stream and water levels rise. Between
times of storm runoff, ground-water levels are
partly maintained by the infiltration of base flow
from the stream when flow is present.

The hydrograph of well 19 in figure 29 shows
the pattern of water-level fluctuations of the rock i
aquifer in upper Turpentine Run basin. The pattern
ts similar to that of the rock aquifer of the north
coast and larger valleys on the south coast. Here,
greater permeability and storage capacity and
generally thicker soil and alluvium resuit in a
slower but more prolonged response to recharge and
a slower discharge. The “troughs” in the
hydrograph during early 1965 were caused by pump-
age (averaging 18,000 gpd) from a nearby well.

Recharge

The bedrock aquifer is principally recharged by
infiltration of rain on the land surface. Stream-
flow and storm runoff locally recharge the
alluvium, which may, in turn, contribute water to
the bedrock aquifer in the major valleys and allu-
viated coastal embayments.




Rainfall, vegetation, evaporaton, surficial
deposits, and exposure to solar radiation are the
main factors affecting recharge to the aquifers.

Leaky-salt water and sewage mains 1n Charlotte
Amalie and effluent from sewage plants in the
Turpentine Run basin also contribute water to the
aquifers as does effluent from septic tanks through-
out the 1sland. Recharge from these sources 1s
detrimental as it is 3 potential source of pollution.

The bedrock aquifer 1s recharged infrequently
and only after a heavy rain or series of lesser
rains. The amount depends on the antecedent
rainfall and the degree to which soil moisture has
been depleted by evapotranspiration since the last
rain. Extensive brush cover and the granular
nature of the soll cause rapid evapotranspiration.
Conversely, the granular nature of the soil will
allow water to pass through the so1l zone without
the soil being completely saturated--saturation
being required only along the conduits between the
soil granules. This reduces the water needed to
satisfy soil-moisture requirements before recharge
can take place. Even then, under dry conditions,
a major rainstorm of 2 inches or more, or the equi-
valent in lesser rains, is necessary to initiate re-
charge to the bedrock aquifer. The amount of
rainfall necessary for recharge varies from one part
of the island to another. On the north slope 1 inch
of rain may cause recharge, whereas on the south
slope, under dry conditions, 3 inches or more may
be necessary for recharge.

The fluctuation of ground-water levels indicates
that recharge to the aquifers on the south-facing
slopes is less frequent than on the north-facing
slopes. Less frequent recharge on the south slopes
is attributed to the greater solar radiation received
by these slopes, which results in increased evapo-
transpiration and a greater soil-motsture deficiency.
Consequently, a greater volume of water is neces-
sary to overcome the soil-moisture deficiency before
recharqge takes place.

Where the gk deposits (saprolite or
alluvium) are thiclk ggnging from 2 to 15 feet, as on
the north slope in ty of Dorothea, in upper
Turpentine Run basiis*and in the alluvial embay-
ments, such as at Long Bay and the Harry S.

Truman Airport, water is retained in the surficial
deposits and takes a much longer time to reach the
bedrock aquifer. Peak recharge to the bedrock
aquifer may lag as much as a month behind the
rainfall. [n some places little recharge reaches
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the bedrock aquifer--as most 1s discharged to
spnngs or streams directly from the saprolite or
alluvium, as has been observed in the vicinmty of
Dorothea on the north slope.

Runoff from major rainstorms 1s the principal
recharge to the aquifers of the ccastal embayments
and 1s an 1mportant source of recharge to the
alluvium of Turpentine Run. Base flow of Turpen-
une Run and Bonne Resolution Gut at Dorothea
8ay, when present, also contributes recharge to
the unconsolidated aquifers 1n their respective
basins.

For convenience of discussion, the island has
been divided into five ground-water areas as
shown 1n figure 30. Estimates of yield in these
areas are given in table 5.

Table 3.--Estumated vieid of ground-water asreas.  See fig. )

sround -water
srea

Cstimated yieid
3pd ng/ye

~nnuai recnarqge,
.nches

~rea,
sgmt

13, 450,000
70,000 3/
10,000 3/

350,000

300,000 4/
50,000 4,

250,000

100,000

100,000

164
25
11

128
110
18

E13
16
36

( Long Bay)
( Lindberg Bay)
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Lower pasin
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Total 12 1,250.900 155

1/ Approximate area of alluvium only.

2/ Does not include drainage basins at Areas | and §
which contribute recharge to Area 4 from surface-
water runoff.

3/ T:eld included 1n Area 1 total.

i/ ield included \n Area 2 total.

Ground-Water Areas

Area 1

Area 1 encompasses about half the land area.
It is underlain principally by fractured volcanic
tuff and breccia of the Louisenhoj} Formation, on
which 1 or 2 feet of soil have deveioped. On the
south side of the island, from the vicinity of
Charlotte Amalie westward to Brewers Bay, the
volcanic rock has been extensively fractured.
The fractures, however, have been filled with
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* EXPLANATION

Area 1

Wells in rock 51 to 300 feet in depth will yield up
to 1,000 gpd. In some larger basins and
alluviated embayments yields up to 10,000 gpd
may be possible. Water contains 1,000 to 1,500
my/} chloride. Wells drilled near the sea and
below sea level may yield brackish water when
drilled or if pumped at excessive rates.

Area 2

Wells in rock 50 to 250 feet in depth will yield up
to 30,000 gpd. Generally, deeper wells have a
higher yield. Short-term yields of selected wells
may be as great as 150,000 gpd. Wells tapping
alluvium of lower Turpentine Run will yield up to
10,000 gpd. Water contains about 1,000 mg/1
dissolved solids and about 200 mg/l chloride.
Little danger of salt-water encroachment except in
lower Turpentine Run.

Area 3

Wells in rock 50 to 200 [ect in depth will vield up
to 5,000 gpd. In some largyer drainaye basins,
yields up to 10,000 gpd may be possible. Water
contains about 1,000 mg/l dissolved solids and
about 200 my/l chloride. Waells drilled near the
sea and below sea level may yield brackish water
when drilled or if pumped at excessive rates,

Area 4

Wells 1n limestone 50 to 150 feet 1n depth will
yield up to 50,000 gpd. Short-term yields of
selected wells may be as ygreat as 150,000 gpd.
Water contains about 1,500 my/l dissolved sohds
and 200 to 300 mg/l chloride. Wells drilled near
the sea or below sea level may yield brackish
water when drilled or if pumped at excessive rates.

Area 5

Wells in rock 50 to 300 feet in depth will yield up
to 1,000 gpd. In general yields are small. Water
contains 1,000 to 1,500 mg/l dissolved solids and
300 to 500 mg/! chloride. Wells drilled on penin-
sulas and in coastal areas yenerally will encounter
brackish water. Ground water polluted by leaky
salt-water mains in Charlotte Amalie area.

Figure 30.--Ground-water areas of St. Thomas showiny location of wells, springs,
stream gages, and rain gayes.




secondary minerals.

Alluvium and beach deposits fill the coastal
embayments and are especially prominent in the
Charlotte Amalie area.

Ground-water levels range from a few feet below
land surface in the embayments near the sea to as
much as 120 feet below land surface on the central
ridge. Depth to the water table is greatest beneath
ridges and least in the valleys and lowlands.

Wells range in depth from 50 feet in the iow
coastal areas to 250 feet or more near the central
ridge. [n general, the higher the altitude of the
well site the greater the depth of the well. There
is really no particular depth at which an aquifer can
be successfully tapped, as yield depends entirely
on the depth and density of open water-bearing frac-
tures. A well in the Long Bay area (well 12) at an
altitude of 40 feet was drilled to a depth of 120
feet before water-bearing fractures were penetrated.
Well 10, on the other hand, at an altitude of 320
feet on the slope of the central ridge, penetrated
water-bearing fractures at 60 feet. These, of
course, are extremes. Long-term yields of wells
generally range from 250 to 1,000 gpd, although
initial or short-term yields may be 10 times
greater.

Two valley areas, Long Bay and Lindberg Bay
on the east and west edge of Charlotte Amalie, re-
spectively, have greater ground-water potential
than the remainder of Area 1.

Long Bay.--The Long Bay area lies in a basin
about 1 square mile in extent, of which about 0.3
square mile is alluviated coastal embayment, and
the remainder is steep-sloped volcanic ridges with
little soil cover. Alluvium as thick as 60 feet
overlies the bedrock. Near the coast the alluvium
underlies and interfingers with a thin beach-sand
deposit. A relatively impervious clay overlies the
bedrock from a line about 1,500 feet inland sea-
ward to the shoreline at Long Bay, and probably

extends out under . Bay. Water is present in
the alluvial deposits,” the main aquifer is the
underlying volcanic rogR. In general, the bedrock
underlying the allu fields more water than that

underlying the ridges. The zone of greatest yield
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o wells 1s bound by the two fauits tassing :nr:ugn

'he area.

A facter contributing <o tne wroductivit, ~f tne
sedreck 1s ‘he veriving aliuvium that acs 235 2
ster3ge reservoir, The zfluvii;m containsg g
quantiaes of waler,  T2cause of ts LW Lermea-
bility 1t generally ieids litt!le water 'n wells,
but it yields =watzar stcwly to the Lngerling o
rock aquifer. The crincipal area .f rec r3e
the bedrock zquifer trom rhe alluviem @0 -
foot of the volcanic riages inlans -t .n2 <2:
the 1mpervious clay wedge capping nw J20irid -
and mostly upgracdient rom the area ..1 o2« -
water mains.

Ao

b}

woore

The long-term y:eid cf the alluvium--edrcck
aquifer 1s estimated tc be from 60,003 > =} G0
jed. The yield of wells ranges from az :ut : .0
to 70,000 gpd. The high yield of scme 2t <h2
wells, however, has little to do with the l ;-
sarm yield of the aquifer. Sustainec p.mpage &
excess of the long-term yvield of the ajuifer wiil
deplete the fresh ground water in storaje ard rrob-
ably result in salt-water encroachment.

Salt water has encroached in a narrow strip cf
the alluvial aquifer bordering Long Bay because of
pumping dug wells 13, 14, and 15, which supply
Pearson Gardens public housing. Nearly half the
alluvial aquifer, however, is contaminated to
some degree by leaky salt-water mains. The
approximate limits of salt-water contamination are
shown in figure 30. The bedrock aquifer under-
lying most of the contaminated alluvium contains
fresh water because the principal recharge area is
upgradient of the relatively impermeable clay cap
overlying the bedrock throughout most of the
contaminated areas.

Salt water has entered the bedrock in at least
one place. Well 11 became salty after being
pumped heavily for about 3 months. Salt water
from the alluvium has apparently entered the bed-
rock aquifer through several improperly construc-
ted wells. In each the annular space between the
wall of the well and the casing was left open, and
salt water moved down the annular space, contam-
1nating the bedrock aquifer in the vicinity of the
well.
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: 31005 The untaEr 2e 2 ot the alluvial
3113, el ] a3 doy. sitemugnotowas Arsiled
2y derinoof 200 {22t. N -il: o4 inu 6 13ve T oLang-
EIT -»=lc', 2s3tmated ¢ hH2 [, 0 ) acpd, Bedricr
‘et!s crobabiy i vield 10,000 gpd 1n the mecw o
A '::e 2r.zaymen:t .orin of the airport, The
ulavivy ce relativels thic'. there and, tnus, .*
ol coatrizute cunsigaratle suantities o water
T2 ne underlving pedrock aoutfer.

= notential yield of the cedrock agquifer :
sreinaeed i de 30,000 gpd, 3ssuming data ~ctained
" e Lung 3ay arz2a car ce applied.

Jalt-~ater mains in the Sourne Field housing
irea are known to leak, ard i1t must be assumed
tnat tne alluvium in that vicinity 1S contaminatad.
The same care to prevent salt-water contamination
¥y in.croper well construction must be taken nere
a5 1n the Long 3ay area.

At one time a qaucry paralleling the runway
it the .moortw -ysed for water supply. This
yallery, which d runoff from the runway
1cd stored wated ‘alluvium and landfill for
‘Lture usa, nad stimated to be 13,00C ;pd.
Jn{ortunateiy, ry was overpumped 2nd
salt-water encroachmont followed. Saltwater s
stll present i1n the alluvium near the well and :s
.n 3 position to intrude the bedrock aquifer.

‘¥ater from the gallery occasionally 1s used for
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~.7aw drainage for drinking purposes,

ST

The use of water from
cf course,
5 Zlanzerous because of the presence of toxic

~~<table purposes.

.Zmo~unds such as nydrocarbons and tetraethyl
.~ .7 Irom spilled aircraft fuels.,

s I
‘rea 2 1s the drainage basin of Turpentine Run.
ir'renience 1t 1s separated 1nto an upper anc
"oz Zasin; the upper basin above the stream-
:tation near Mt. Zion, and the lower basin
Hie The princival rocks are volcanic flows,
101 breccia. Alluvium as thick as 40 feet
..<3 .0 tne main stream channel of the lower nasin.
.crehwest-onented fractured and jointed zone
—warntiermally altered rock bisects the upper

Taln.

el

Trill2d wells range from 40 to 230 feet :n
:ccth, The shallower wells tap the alluvium and

sther<! bedrock of lower Turpentine Run. The
“epth <f the rock wells is not necessarily a cri-
tericn of ireater yield, but is usually an indica-
“i.n ot 'vhere 3 zone of water-bearing fractures
a3 penetrated, Short-term yields from indi-
idual rock wells 1n the upper basin are as Jreat
s 156,000 gpd. Sustained yields, however,
r:nge trom about 3,000 to 30,000 gpd. Indi-
i.ual wells 1n lower Turpentine Run yield as
~:=n 2s 30,000 gpd, but sustained ground-water
witkdrawais of more than 10,000 gpd will crobaply
rozult in s2a-water encroachment.

Sround-water levels.--Contours of the ground-
waiar surface  during August 1965 and January
1966, are shown in figures 31 and 32. The arrows
7n these maps indicate the general direction of
jround-water movement. [n the upper basin,
<7hen water levels are high, ground-water flow is
split--part moving along the course of Turpentine
Rur and part moving through the fractured and
altered zone at Mt. Zion and emerging as 3 series
of serings discharging to Turpentine Run in the
lower basin. When ground-water levels are low
.n the uoper basin, nearly all ground water s
.ropably discharged through the fractured zone at
*Mt. Zion, and a temporary ground-water divide :s
established at the position shown 1n figure 31,

Grournd-water levels in the basin fluctuate in
relation to discharge from and recharge to the
aquifers. Figures 29 and 27 are the hydrographs
of wells 19 and 24 arilled in bedrock in the upper
hasin and in the alluvium and weathered rock of
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No data base is available for a detailed assessment of population within a particular radius of the
site. The best available information follows this note, and consists of a 1980 census by water district.

Populations were estimated by adding together the populations of each district within the radius of
interest. In cases where only a portion of a district is within the radius, population was prorated by

area.
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Projected demand of the service districts on St. Croix for the year 1980.
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Projected demand of the service districts on St. Thomas for the year 1960.
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